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ayEASE ROUTE 10: 


UST as the Count Down with all its 

ramifications has caught the imag- 
ination and interest of our students, the 
Space Age has also captured the atten- 
tion of film and filmstrip makers. 

An excellent recent film, for both 
junior and senior high classes, is Time 
and Space (27 mins., color, free loan, 
produced for National Aeronautics and 
Space Administration, available from 
Modern). It contains much detailed 
data and stresses the fact that present 
developments are all in preparation tor 
man’s entry into space. An even more 
recent NASA film covers Project Echo. 

McGraw-Hill’s Exploring the 
Moon (16 mins., color or B&W), for 
upper elementary and high, 
traces a simulated trip to the moon, 
using actual photographs of the moon’s 
surface. 

A very good filmstrip series for upper 
elementary and junior high has just 
been released by S.V.E. Space and 
Space Travel (4 color filmstrips) dis- 
cusses aerospace and 
concepts. 

Among the excellent films previously 
released are good materials for junior 
and senior high. A number are in the 
Twentieth Century Series® (free loan, 
Prudential). These include: Toward the 
Unexplored, Mach-Busters. Mission 
Outer Space, Reaching for the Moon, 
all about 27 mins.. and the one-hour 
Ceiling Unlimited. 

Race for Space (54 mins.) is a docu- 
mentary of developments from the 1903 
Russian space ship to the launching of 
Explorer |. New Frontiers in Space (26 
mins.) shows film taken from a rocket 
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developments 


*Winner, Scholastic Leacher Film 
and-Filmstrip Award. 
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Films and Filmstrips 
For the Space Age 


By VERA M. FALCONER 


which carried mice 75 miles into the 
atmosphere. Both are from McGraw- 
Hill. 

Three films produced by government 
agencies are available from United 
World. They are: Explorer in Space (1) 
mins.); Vanguard I (11 and 
Challenge of Outer Space (61 mins.). 
The last one features Dr. Wernher von 
Braun. 

Exploring Space (25 mins., color or 
B&W, Contemporary) features Dh 
Levitt of the Fels Planetarium, 
discusses development of the modern 
rocket and the mechanism responsible 
for America’s first satellite. 


mins.); 


“ ho 


Exploring the Edge of Space® (19 
mins., ‘Horizons of Science 
Series,” Educational Testing Service) is 


color, 


unusual in this group, as it covers the 
plastic balloon systems developed tor 
space reconnaissance 

Walt Man in Space (31 
mins., color) covers developments from 
Chinese 
stage rocket, and adds to documentary 
material fights into 
space. Based on this film is the filmstrip 
series Space and the Atom® (Encyclo- 


Disnev’s 


ancient weapons to the four- 


some imaginary 


paedia Britannica). 
Exploring by Satellite’ (28 
(Continued on page 7-T 


mins., 


Al 4 


Walt Disney Prod 


Walt Disney’s Man in Space covers the history of space exploration from its earliest 
beginnings to the imaginary future, while stressing basic concepts and principles. 
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Using Science World in Your Teaching 


3. Contrast the London-type smog 
and the Los Angeles-type smog with 
respect to the following: (a) the kind 


The Chemistry of Smog (pp. 6-9) 


Chemistry Topics: Colloids, compounds 
of nitrogen, compounds of sulfur, 
hydrocarbons, photochemical reac- 
tions, ozone formation, catalysis. 

Biology Topics: Respiratory passages, 
adaptation, ecology, organic disease. 

Earth Science Topics: Composition of 
the atmosphere, dynamics of the air, 
temperature inversions. 


About This Article 

“Autointoxication” is not too strong 
a word by which to denote what civ- 
ilized man, with his smokestacks and 
exhaust pipes, is doing to the air he 
must breathe. He is releasing into the 
air fumes, dusts, mists, and gases. The 
latter include oxides of nitrogen and 
sulfur that are contained in deadly 
smog, fluorides that poison plants and 
animals, and hydrocarbons some of 
which are presumed to be carcinogenic. 

The long history of this problem is 
traced from fourteenth-century coal 
burning in London to twentieth-century 
gasoline burning in Los Angeles. The 
meteorology, chemistry, and biology of 
smog and air pollution in general are 
treated with admirable thoroughness 
and clarity. For example, the differ- 
ences between the “reducing” smog of 
the London type and the “oxidizing” 
smog of the Los Angeles type are ex- 
plained in terms of lucid chemistry. 
The occurrence of Los Angeles smogs 
is explained in terms of meteorology 
and geography. In dealing with the 
effects of air pollutants on life, the 
article describes current experimenta- 
tion, naming scientists engaged in such 
investigations, and delves quite deeply 
into the physiology involved in the 
experiments. 

To round out the story, the article 
deals with new devices being developed 
by engineers to help cut air pollution. 
Among these devices are “afterburners” 
employing catalytic agents to remove 
noxious products from auto exhaust 
fumes. One state already requires a 
fume-removing device on new cars. 

Industry—to the tune of $300,000,000 
a year—and government are cooperating 
to restore yet another fundamental hu- 
man right—the right to pure air. 


Questions for Review and Discussion 
1. Trace the origin of each of these 
aerosol-pollutants of air: (a) smoke, 
(b) fumes, (c) dusts, (d) mists. 
2. Trace the origin of each of the 
following gas-pollutants of air: (a) 


nitrogen oxides, (b) sulfur oxides, (c) 
hydrogen fluoride, (d) hydrocarbons. 


of air pollutants involved, (ib) the 
weather conditions under which they 
occur, (c) the effects upon living and 
non-living things. 

4. Explain how a “temperature in- 
version” may make a smog deadly 
dangerous. 

5. Explain how intense sunlight may 
contribute to the danger of air pollution. 

6. Describe experimentation now in 
progress to find out the effects of breath- 
ing each of these substances: (a) ozone, 
(b) carbon monoxide, (c) smog irri- 
tants, (d) hydrocarbons other than 
carbon monoxide. 

7. Describe measures or devices now 
being experimented with to accomplish 
each of the following: (a) cut down 
on smoke, (b) cut down exhaust gases 
from automobile engines. 

8. How may any owner of a car 
help cut down the pollution of air? 


Our Living Soil (pp. 10-13) 


Biology Topics: Nitrogen fixation, use 
of tracer elements (heavy isotopes), 
soil ecology. 


About This Article 

“The bacteria in an acre of soil of 
average fertility would weigh as much 
as a fully grown dairy cow of medium 
size.” Yet these make up but a fraction 
of the microscopic fauna and flora in 
soil. The present article deals mainly 
with two species of soil bacteria—Azo- 
tobacter and Rhizobium. The former 
lives in the soil and fixes free nitrogen; 
the latter, while it may live freely in 
the soil, fixes nitrogen only when it 
lives in the root nodules of leguminous 
plants. 

Experimentation is described in which 
a heavy isotope of nitrogen (N-15) is 
used as a tracer in studies of nitrogen 
fixation by both species of bacteria. 
Experiments are also presented in which 
these species of bacteria .are exposed 
to atmospheres in which the nitrogen 
percentage has been reduced. Finally, 
work is described in which enzymes 
involved in nitrogen fixation are extract- 
ed from the bacterial cells and made to 
work in vitro. 

The article goes into considerable 
detail and provides background infor- 
mation for the reader. Thus, it explains 
the difference between “normal” nitro- 
gen and its heavy isotope, and minutely 
describes the methods employed in 
making cell-free extracts containing en- 
zymes. Altogether, this article could 


serve as an extension and enrichment 
of what is usually studied about nitro- 
gen fixation in the high school biology 
class. 


Suggested Titles of Reports to Class 
or Club 

1. How to estimate the number of 
bacteria in a gram of soil. 

2. The many kinds of bacteria that 
are involved in the nitrogen cycle. 

3. Azotobacter and Rhizobium—two 
species of bacteria that fix nitrogen. 

4. Heavy nitrogen experiments of Dr, 
Perry Wilson and Dr. Robert Burris. 

5. Experiments by Dr. Perry Wilson 
and Dr. Orville Wyss in atmospheres 
with reduced nitrogen content. 

6. Two methods of extracting en- 
zymes from bacterial cells. 

7. The use of heavy nitrogen to study 
action in vitro of nitrogen-fixing en- 
zymes. 


High Energy from Outer Space 
(pp. 14-17) 


Physics Topics: (Nucleonics) Cosmic 
rays, primary and secondary radia- 
tion, shielding, ionization, the elec- 
troscope, the cloud chamber. 

Earth Science Topic: The Earth as a 
magnet. 


About This Article 

This account of the discovery and 
study of cosmic rays contains all the 
suspense of a first-rate detective story. 
The story begins with a_ long-over- 
looked phenomenon—the “spontaneous” 
discharge of electroscopes. The search 
for an explanation led gradually, over 
a period of some 60 years, to the pres- 
ent search for the origin of cosmic 
rays—a search that involves literally 
exploring the universe with balloons, 
rockets, and satellites. 

Along the way, the student reader 
will pick up some _ bread-and-butter 
physics: a description of the electro- 
scope and an explanation of how ionized 
particles in the air can discharge it, 
the behavior of charged particles in 
a magnetic field, energetics, shielding, 
and the like. What is more, there will 
unfold before the reader a truly epic 
cooperative research effort carrying in- 
vestigators, their instruments, or both 
to the depths of the Earth, over vast 
seas from pole to pole, and into the 
upper reaches of space. 

The international scope of this effort 
is reflected in this list of scientists 
whose work and thinking are referred 
to in this article: the Curies and Theo- 
dor Wulff of France, Lord Rutherford 
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of England, John C. McLennan of Can- 
ada, Albert Gockel] and Werner Kol- 
hoerster of Germany, Victor F. Hess of 
Austria (now at Fordham University), 
Enrico Fermi and Bruno Rossi of Italy 
and the United States, and Robert H. 
Millikan, Carl D, Anderson, and James 
Van Allen of the United States. Here, 
indeed, is a package of information 
and inspiration for the students in your 
earth science and physics classes. 


Questions for Review and Class 

Discussion 

1. Explain the discharge of an elec- 
troscope by radioactive substances 
nearby. 

2. Describe experiments to find out 
whether electroscopes are discharged by 
radiations from the Earth. 

3. How did Hess, Kolhoerster, and 
Millikan find out that cosmic rays come 
from outer space? 

4. Describe experiments by which it 
was discovered that cosmic rays are 
charged particles. 

5. Explain the fact that electroscopes 
discharge faster at northern or southern 
latitudes than they do at or near the 
Equator. 

6. Primary cosmic rays are protons: 
vet showers of cosmic rays reaching 
the Earth consist of a variety of atomic 
particles. Explain. 

7. What evidence contradicts the 
idea that cosmic rays come from the 
sun? 

8. Describe the experiments of Dr. 
Bruno Rossi, who is seeking to discover 
the origin of cosmic rays. 


Today’s Scientists— 

Rene J. Dubos (p. 20) 

Biology Topics: Nutrition, infectious 

disease (tuberculosis) . 

Vocational Guidance: Experimental epi- 
demiologist. 
About This Article 

Dr. Rene J. Dubos is a microbiologist 
in the classical tradition of Louis Pas- 
teur, Robert Koch, and Elie Metchnikoff. 
For more than 30 years, he has been at 
work in one of America’s temples of sci- 
ence—The Rockefeller Institute-making 
significant contributions to our under- 
standing of what some people naively 
call “simple” organisms, namely, the 
bacteria. 

The nature of immunity and suscep- 
tibility to infectious diseases is stil] but 
vaguely understood. This is the area of 
research singled out for treatment in 
the present article. The account of the 
life of Dr. Dubos includes descriptions 
of that scientist’s controlled experiments 
with mice—experiments indicating that 
nutrition and psychological stress are 
significant factors in susceptibility to 
tuberculosis. 
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Demonstrations and Experiments 


Nitrogen-Fixing Bacteria 


Nitrogen-fixing bacteria found in the 
nodules on the roots of leguminous 
plants such as peas, beans, or clover 
can easily be prepared for examination. 
The first step is to obtain some clover or 
pea plants that are fairly mature. Gent- 
ly remove the plant with its roots and 
the surrounding soil so as not to dam- 
age the delicate roots. Carefully wash 
away the soil. You will find bumps on 
the roots which can be seen with the 
naked eye. 

Crush a nodule between two glass 
slides and add a drop of water to each 
slide, examining each as a wet mount. 
These slides may be stained for more 
careful study in the following way. 
Place in advance a drop of methylene 
blue stain on each of several slides. Let 
the stain dry and store the slides in a 
box so that they are ready for use. Add 
a drop of water containing nitrogen- 
fixing bacteria to the slide, apply a 
coverslip, and examine under high 
power. Notice how the stain gradually 
diffuses into the water and stains the 
bacteria. 

You may prefer to make a smear of 
the bacteria and stain the smear to pre- 
pare a permanent slide, as follows: 
Prepare a thin film of the bacteria by 
spreading the fluid of a wet mount 
along the slide with a dissecting needle 


or with another slide. Fix the bacteria 
to the slide by waving the slide through 
a Bunsen flame two or three times. Lay 
the slide across a Syracuse dish and 
flood it with methylene b!ue for a min- 
ute. Then rinse of the stain with dis- 
tilled water, let it dry, and examine 
under high power. 


Culturing Soi! Bacteria 
(Aerobes and Facultative 
Aerobes) 


Soil bacteria can be cultured in a 
broth made of 3 grams of beef extract, 
10 grams of peptone, and 5 grams of 
table salt: (non-iodized). Combine them 
with one liter of water and heat them 
slowly at 65°C., stirring until the ma- 
terials are completely dissolved. Filter 
it through filter paper. Use pH paper 
to test for the pH, and add very small 
pinches of sodium bicarbonate until you 
get a pH of 7.2 to 7.6. Then pour the 
mixture into test tubes until they ar 
one-third full. S.opper with cotton rolls 
and autoclave at 15 pounds pressure for 
15 minutes (if your school does not 
have an autoclave, any pressure cooker 
from the home economics department 
will serve quite nicely for this pupose). 
Store until needed for culturing bac- 
teria. 

(Continued on page 6-T) 





Photo from Dr. Thomas McCalla 


During winter, when clover and alfalfa plants are not available, teachers who wish 
to demonstrate nitrogen-fixing bacteria will find them on roots of locust trees. 
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SPONSORED BY SCHOLASTIC BOOK SERVICES 
A DIVISION OF SCHOLASTIC MAGAZINES INC. 
33 WEST 42 STREET NEW YORK 36, N.Y. 


CLUB PLAN IN BRIEF 


e Each offer contains 15 titles covering all 
major science areas — plus ie te pe pro- 
ject books, reference books and science 
fiction. 

e All titles are screened by an Editorial 
Board of scientists and educators. 

@ Most books are offered at approximately 
10% below list paperback price. 

e The club is simple to operate — most of 
the details can be handled by a student 
secretary and an assistant. The Club News— 
in the student section of this SW issue — 
describes all selections, includes an individ- 
ual order coupon for student use. 


AnAIIT Tur AFL FrATIAAIC 


' 
ABOU! THE SELELIIUNS... 
The December Science Wor.p Book Cus 
offer contains 15 stimulating titles chosen 
to cover a reading range from grades seven 
through twelve. The three classifications — 
1) Junior High and General Science Read- 
ing; 2) Intermediate Reading; and 3) 
Advanced Reading — will help you guide 
your readers to the books which will inter- 
est and benefit them most. But the classi- 
fications are not intended to be rigid. 















Junior High Reading: 

Fun With Science, Mae and Ira Freeman 
(64 pp.) 

The Windjammer Story, Captain Alan Vil- 
liers (64 pp.) 

Moon Trip, William Nephew & Michael 
Chester (64 pp.) 


Advanced Reading: 

Rats, Lice and History, Hans Zinsser 
(228 pp.) 

The Birth and Death of the Sun, George 
Gamow (219 pp.) 

On the Beach, Nevil Shute (238 pp. ) 


The remaining selections are of Inter- 
mediate Reading range. However, two se- 
lections — Stereo Hi-Fi Handbook, Joseph 
Marshall (144 pp.) and The Navy Blue 
Book, Tom Compere, ed. (374 pp.) will 
have strong appeal for students with these 
specialized interests. 
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START THE JOURNEY EARLY... 


“In order to reach the present frontier of knowledge, a scientist must 
travel a great distance and, if he is to push the frontier farther back, 
he must reach it at the height of his powers. To do this he must start 


his journey early . . .” Dr. Conway Zirkle, University of Pennsylvania. 








EGE BOARD EXPECTS 


WHAT THE COLI 


What does the College Entrance Exam- 
ination Board expect high school students 
to read? In a recent report the CEEB’s 
Commission on English unveiled a sweep- 
ing program that stresses wide reading and 
extensive writing for the high school 
student. The Commission’s recommenda- 
tions are expected to have a powerful im- 
pact on future teaching in U.S. schools. 


The program emphasizes “language” 
rather than vocabulary, spelling, and sen- 
tence structure. Furthermore, students 
should know “language” not only as it is 
used in “regional, social, and functional 
varieties,” they must also “learn to com- 
mand the language of serious interchange 
among mature, educated men and women.” 
They should become accustomed to “formal 
literary composition in the present and not 
too distant past.” 


Students should read whole works of 
literature, rather than book “snippets” and 
excerpts and avoid “pieces which have been 
rewritten, digested or drastically abridged.” 
It is “less important” that a book is old or 
new than that it is “excellent.” 


“A hopeful sign in literature,” states the 
Commission chairman, “is the profileration 


of good paperbacks.” 


SCIENCE WORLD BOOK CLUB endorses 
Commission’s recommendations 


The CEEB’s recommendations are of 
major importance not only to the English 
teacher but to the science teacher as well. 
Today’s fast-paced world has placed an 
ever increasing dependence upon the writ- 
ten word. To bridge the gap between ab- 
stract research and social development, the 
scientist must be able to express himself 
clearly and intelligently. Thus, ScreNce 
Wor.p Book Cuivus endorses the Commis- 
sion’s recommendations. 











The Science Worip Book C us has 
dedicated itself to the advancement of sci- 
ence education in the junior and senior high 
schools of our country. Our selections in- 
clude science literature at its very best — 
by men and women who are authorities in 
their special fields of interest. 


Highlighting our December offer are two 
books supplementing classroom study: 
Crucibles: The Story of Chemistry (240 
pp: )—a chronological tale of great chemical 
discoveries interwoven with the lives of a 
dozen or more dedicated scientists — and 
Science in Our Lives (192 pp.) — an anec- 
dotal study spun around the inheuen of 
modern science and its impact on human 
affairs. 


Stereo Hi-Fi Handbook (144 pp.) will 
have a strong appeal for the woofer-tweeter 
crowd. Written in easy-to-read language, it 
is an excellent choice for the electronically 
minded student. 


Rats, Lice and History (288 pp.) ribs 
infectious diseases, medical terminology, 
people, places, things, and almost anything 
else you can name. A unique “biography” of 
typhus fever, this book is an illustration of 
the versatility of science in the modern 
world. 


Best selling Aku-Aku (359 pp.) needs no 
introduction, and neither does its author 
Thor Heyerdahl. The Norwegian explorer 
digs into the history of Easter Island and 
comes up with some amazing answers. 
Archeology comes alive.as an ancient civili- 
zation is tracked down. 









How to Order 


The convenient envelope-Order Form 
(inserted at right) makes ordering simple. 
You—or a secretary appointed from the 
class—need merely follow these easy steps: 

1. Assemble all individual order coupons 
clipped from Club News (student edition). 

2. Total the number requested of each 
title, and enter it on the Order Form. 

3. Determine the number of books at 
prices indicated. Enter on lines A, B, C, D. 

4. Check your figures, enclose a cheek or 
money order (no cash, please!), and mail. 

Within 48 hours after we receive your 
order, your books will be shipped postpaid. 
Approximate delivery time: two weeks. 
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How we make 


quality glass 


for the Ford Family 


of Fine Cars 
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Raw materials: sand, limestone, 
to our glass plants. They are 
carefully weighed to provide a 





After the raw materials have been 
thoroughly mixed, they are melted at 
2800°F. (in a furnace containing 
1,250 tons of molten glass) to make 
glass sheets. Furnace temperature is 
slowly lowered, then any dirt or 
stones formed are removed. 





Next, in making laminated safety 


windshields, blanks are cut 
from large plates, heated and bent 
into desired shapes. Viny] plastic is 
then placed between two pieces of 
glass. This “sandwich” is submerged 
in hot oil which bonds glass to vinyl 
and makes the plastic transparent. 


glass 


FALCON -e 


THUNDERBIRD e 





As the continuous sheet of glass 130 
inches wide emerges from the furnace, 
it is carried through a long, tunnel- 
shaped oven for cooling. After cutting, 
glass travels around a 4,000-foot 
“race track’’ where it is ground 
and polished. 


Tempered safety glass, on the other 
hand, is made by heat treating a 
single, thick plate of glass to impart 
the required safety qualities. 
Finally, both types of glass must 
pass rigid laboratory tests and in- 
spections that take place continually 
in manufacturing. 


COMET e 


Ford Motor Company introduced lam. 
inated safety glass in 1927 — was first 
to supply it in cars as standard equip. 
ment. Today, we are one of the world’s 
largest glass producers — the only auto 
manufacturer making our own lami- 
nated safety glass and tempered safety 
glass as well. Why? Because we want 
to be sure that the highest standards 
of quality go into windshields and side 
and rear windows in our products, 
Here’s how we do it... 


MERCURY 












and other minerals are shipped 
then stored in huge silos and 
proper blend for quality glass, 


In the grinding step, a sand-and- 
water mixture removes surface flaws. 
Polishing (as we see here) takes place 
as the glass passes under rapidly 
spinning felt 
powdered rouge or iron oxide to make 
a proper surface. 


polishers which use 


... And that’s how we make 
quality laminated and tempered 
safety glass for the Ford Family 
of Fine Cars—glass that means 
safer, more secure driving on 
American roads. 
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THERE'S THE FUTURE, CHIP...OUTER SPACE. AS A MATTER OF FACT, PROFESSOR 
SOME OF MAN'S MOST THRILLING ADVENTURES ADANS, THAT'S MY NEXT STORY 
ARE OCCURRING OUT THERE RIGHT NOW. BELL FOR THE SCHOOL PAPER... 

TELEPHONE SCIENTISTS, FOR EXAMPLE, ARE . “SATELLITES THAT TALK!” 

PERFECTING TECHNIQUES FOR WORLD-WIDE. an t 

COMMUNICATIONS BY SPACE SATELLITES. 


“TELEPHONE” 
SATELLITES 








THE NEXT DAY, CHIP VISITS THE BELL TELEPHONE SPACE 
COMMUNICATIONS CENTER AT HOLMDEL, NEW JERSEY. 






YOU SEE, CHIP, IT WILL TAKE MORE THAN UNDERSEAS CABLES ALONE 
TO HANDLE THE TREMENDOUS NUMBER OF LIVE TV AND 








URGENTLY NEED SOON. 








IN FACT, JUST LAST AUGUST, USING THESE SAME ANTENNAS, 
WE MADE A MAJOR. BREAKTHROUGH. WORKING WITH THE 


NATIONAL AERONAUTICS 


TELEPHONE SCIENTISTS “BOUNCED” TELEPHONE CON- OUR PLANNED 
VERSATIONS BETWEEN CALIFORNIA AND NEW JERSEY OFF SPACE TELEPHONE 
A TEN-STORY BALLOON SATELLITE. WE'VE ALSO BOUNCED SYSTEM COULD 


| SIGNALS OFF THE MOON! 


SPACE AGE HISTORY IS BEING MADE RIGHT HERE, 
I( CHIP. HIGHWAYS OF COMMUNICATIONS IN SPACE, 
\\. THAT'S WHAT OUR GROWING WORLD WILL 
| 






TELEPHONE MESSAGES OF THE FUTURE. BUT HUGE 
SENDING AND RECEIVING ANTENNAS LIKE 
THESE CAN HANDLE THE JOB. 














wow! LIVE TV 
FROM EUROPE! 































AND SPACE ADMINISTRATION, 


WORK. SOMETHING 
LIKE THIS, CHIP. 

A NETWORK OF 50 
SATELLITES, 3000 
MILES IN SPACE, 
WILL RECEIVE 
SIGNALS FROM ONE 
POINT OF THE GLOBE. 
AND REBROADCAST 
THEM TO OTHER 
POINTS. 









































WE BELIEVE, CHIP 
THAT THIS SATELLITE 
SYSTEM WILL BE 
NEEDED VERY SOON. 
BUT THAT'S NOT ALL. 
WE'RE ALSO WORK- 
ING ON ANOTHER. 
IMPORTANT SPACE 
PROJECT—A GROUND 
TRACKING AND 
COMMUNICATING 
NETWORK FOR 
PROJECT MERCURY, 
THE FORERUNNER OF 
SPACE EXPLORATION 
BY MAN. 













EXAMPLE OF THE PIONEERING SPIRIT OF 
AMERICAN FREE ENTERPRISE APPLIED 
SUCCESSFULLY TO MAN'S NEW 
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HOW ENGINEERS MAKE NEW DESIGNS POSSIBLE AND PRACTICAL 





Illustration courtesy of Grad, Urbahn & Seelye. 


Inco Nickel helps give engineers the solution 
to metal problems in new radio telescope 


How do you design a precision instru- 
ment that will “see” 38 billion light 
years into space? This problem was 
answered by the engineers working 
on this revolutionary, new radio 
telescope. 

But these engineers faced another 
challenging problem—How do you 
actually build it? How do you build 
a telescope as tall as a 66-story build- 
ing with a reflector so big it could 
hold six football fields? 

How do you build a rotating mecha- 
nism that can swing this giant up or 
down, or sideways, to aim at any spot 
in the Universe with pin-point accu- 
racy? Just the tiniest amount of wear 
or distortion in this mechanism could 
throw the telescope millions of miles 
off target in the far reaches of space! 
Where could they get construction 


materials tough and strong enough? 
Nickel gave them the answer! Nickel 
in steel gave these engineers a mate- 
rial tough enough to maintain pre- 
cision in the rotating mechanism even 
under the anticipated 20,000-ton load. 
And Nickel, to be used in the steel 
members, gave them the high strength 
at minimum weight needed to sup- 
port the giant reflector. 

The radio telescope is one of the 
many developments in which Nickel 
has solved important problems. Most 


probably you, yourself, in the near 
future, will be faced with problems 
just as difficult. When you are, you can 
count on Nickel—and the cooperation 
of Inco — to help get the job done... 
and done right! 

If you’d like to get acquainted with 
Nickel steels, write us for a copy of, 
“Nickel Alloy Steels and Other Nickel 
Alloys in Engineering Construction 
Machinery.” Educational Services, 
The International Nickel Company, 
Inc., New York 5, N. Y. 


so, International Nickel 


The International Nickel Company, Inc., is the U. S. affiliate of The International Nickel 
Company of Canada, Limited (Inco-Canada) — producer of Inco Nickel, Copper, Cobalt, 
Iron Ore, Tellurium, Selenium, Sulfur and Platinum, Palladium and Other Precious Metals. 


SCIENCE WORLD 











: 
















Seelye. 


n 


near 
lems 
1can 
ition 


with 
y of, 
ickel 
‘tion 
ices, 
any, 


ickel 
balt, 
tals. 





SUBSCRIPTION PRICES: $1.50 a school year each, or $1.00 a semester each. Single subscription, Teacher's Edition, $2.00 


a school year. Single copy, 15 cents. Office of Publication, McCall St., Dayton 1, Ohio. General and Editorial Offices, SCIENCE WORLD, 33 West 42nd St., New York 36, N. Y. E> 447 





16 times during the school year September through May. Second-class mail privileges authorized at Dayton, Ohio. Copyright © 1960 





Inc. All Rights Reserved. Printed in U.S.A. 


SCIENCE WORLD, EDITION Il, published fortnightly, 


Scholastic Magazines, 





ScIENCE WORLD 


NOV. 30,1960 * VOL.8 * NO.6 # A SCHOLASTIC MAGAZINE ¢ EDITION 2 
Published with the official cooperation of the National Science Teachers Association 


The Staff 


Epirortat Director: Eric Berger 
Associate Epitors: William Deering, 


Simon Dresner; Assistant Epitor: Fredric Appel 


Art Director: Nicholas Kochansky 

Art Epiror: Sam Ruvidich 

Propuction Epitor: Sarah McC. Gorman 
LipraRIAN: Lavinia Dobler 

Pxoto Epitor: Lucy Evankow 


Science TEACHER’s Wortb: 
Managing Editor: William Deering 
Teaching Guide Editor: Dr. Zachariah 
Subarsky, Bronx High School of Science 


Contrisutinc Epitors: Dr. Alexander Joseph; 
Dr. Theodore Benjamin; Dr. John H. Woodburn 


ADVERTISING REPRESENTATIVE: William J. Curran 


Editorial Executive Staff 
for Scholastic Magazines 


Maurice R. Robinson, President and Publisher 


Dr. John W. Studebaker, Chairman of the 
Editorial Board 


Jack K. Lippert, Executive Editor 
Kenneth M. Gould, Editor Emeritus 


Business Executive Staff 
for Scholastic Magazines 


G. Herbert McCracken, Senior Vice-President 
Don Layman, Vice-President, Advertising 
Advertising Dept.: Ken Hall, Assistant Director; 
Arthur Neiman, Manager; Clayton Westland. East- 
ern Manager; John Carter, Promotion; M. R. 
Tennerstedt, Chicago Manager; C. C. Pendray, 
Detroit Manager. 

Administration: Agnes Laurino, Treasurer and 
Business Manager; C. Elwood Drake, Associate 
Director of Field Service; John P. Spaulding, 
Promotion Manager; Richard V. Holahan, Manu- 
facturing Manager; Paul King, Director of 
Personnel. 


Science World Advisory Board 


Dr. Sam S. Blanc,* Gove Junior High School, 
Denver, Colo. 

Dr. Hilary Deason, American Association for the 
Advancement of Science, Washington, D. C. 

Dr. Watson Davis, Science Service, 
Washington, D. C. 

Mr. Saul Geffner, Forest Hills High School, 
New York City 

Mr. Alan Humphreys, University of Texas, 
Austin, Tex. 

Dr. Alexander Joseph, Bronx Community College, 
New York City 

Dr. Morris Meister, President, Bronx Community 
College, New York City 

Miss Anne E. Nesbit,* South Junior High 
School, Pittsfield, Mass. 

Dr. Ellsworth S. Obourn, Specialist for Science, 
U. S. Office of Education, Washington, D. C. 

Dr. Randall M. Whaley, School of Science Education 


and Humanities, Purdue University, Lafayette, Ind. 


Dr. Stanley E. Williamson,* Oregon State 
College, Corvallis, Ore. 


*Representing the National Science Teachers Association. 


NOVEMBER 30, 1960 


CONTENTS 


Features 

The Chemistry of Smog 6 
by Simon Dresner 

Our Living Soil 10 
by William Richards 

High Energy from Outer Space 14 
by Harold Sioane 

Today’s Scientists 20 
Dr. Rene J. Dubos—Disease Fighter 

Science in the News 18 
Tomorrow’s Scientists 21 


Projects by Leo Clayton 
and Kenneth Shearon 


Departments 


Project Pointers 24 
by Alexander Joseph 


The Processes of Science 25 
by Theodore Benjamin 


Brain Teasers 26 
Letters 30 
Crossword Puzzle 34 


Cover from Brookhaven National Laboratory, 
California Institute of Technology, and Bett- 
mann Archives 


Science in Quotes 


A theory is our best idea as to how a group of 
separate facts are related to each other. Such con- 
cepts do not emerge automatically—theories, like 
houses, must be built. Sometimes a new theory is 
readily accepted by other scientists as soon as it is 
proposed. But sometimes a new theory is chal- 
lenged and a vigorous controversy arises. 

Thus science is sometimes accused of being un- 
stable—“Scientists cannot make up their minds. 
What they say is true today, they may deny to- 
morrow.” This supposedly deplorable condition is 
actually one of the great strengths of science. Our 
ideas of nature grow in stature and strength as 
more and more observed facts can be fitted into 
our man-made schemes. 

—STANLEY D. BEck 
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Poisoned air need not 
he the price of 
industrial progress; 
scientists are 

learning how to reduce 
the pollution 

that is smothering 


our cities 


BY SIMON DRESNER 


HAT we usually think of as 

pure air is odorless and invis- 
ible, although when a breeze blows 
we can feel the light touch of the 
atmosphere we live in. Pure air is a 
mixture of gases—nature’s formula: 
78 per cent nitrogen, 21 per cent ox- 
ygen, and the remainder made up 
mostly of argon and carbon dioxide, 
Air also contains traces of neon, 
helium, ozone, xenon, hydrogen, 
methane, and krypton. 

So far, life has flourished in this 
atmosphere: But the progress of 
civilization has upset the balance of 
this combination of gases, so that 
today we are faced with the problem 
of air pollution. 

The simplest and most obvious 
form of air pollution generated by 
man is smoke. As far back as the thir- 
teenth century, the citizens of Lon- 
don, England, complained about 
smoke from coal-burning fires. In 
1306, King Edward I outlawed the 
use of soft coal for fuel in London. 

With the invention of the steam 
engine in 1768 and the coming of the 
industrial revolution in the nine- 
teenth century, air pollution became 
a problem. Smoke clouded the skies 
of industrialized areas. The problem 
was made even more acute in recent 
years by exhaust fumes of the thou- 
sands of automobiles which jam the 
streets and freeways of our cities. 

Two words are commonly used to 
describe air dirtied by man—smog 
and pollution. The term air pollution 
actually covers all the possible pol- 
lutants—these include smoke, dusts, 
mists, odors, such non-smog forming 
gases as carbon dioxide, and even 
smog itself. The word smog, how- 
ever, has a special meaning. It was 
coined in 1905 to describe a combi- 
nation of smoke and fog. Now it is 
generally used to define any pollu- 
tion of the atmosphere which causes 
physical irritation and damage to 
materials. 

There are various types of smog. 
On the West Coast of the United 
States, as in Los Angeles, the term 
smog usually describes a condition 
of the atmosphere which results in 
eye and lung irritation, blurred visi- 
bility, damage to plants, and causes 
rubber to crack and become brittle. 
In London and some other areas the 
term smog is associated with ex- 
tremely poor visibility, bronchial ir- 
ritations, and sometimes deaths. 
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The London-type smog, which is 
also found in some cities in the Ohio 
Valley, contains large amounts of 
sulfur compounds. It is sometimes 
termed a “reducing” fog because it 
reduces (or deoxidizes ) the materials 
with which it reacts. On the other 
hand, the Los Angeles-type smog 
is sometimes called an “oxidizing” 
smog because it has a high ozone 
content which tends to oxidize ma- 
terials. London-type smog occurs in 
areas where coal is the principal 
fuel, while Los Angeles-type smog 
occurs where there is heavy auto 
traffic. 

One reason for smog is that the 
atmosphere is a kind of drainage 
basin, which may become clogged 
by poor ventilation. Even if many 
tons of dust and smoke were spewed 
into the atmosphere every hour, they 
would not be noticed—if the wind 
velocity were fast enough to prevent 
this aerial refuse from accumulating 
in one place at one time. Thus a city 
such as Los Angeles, ringed by moun- 
tains, has a definite ventilation prob- 
lem, which is partly responsible for 
the smog. 


Polluted ‘Kettle’ 

Ventilation in Los Angeles and 
some other cities is sometimes choked 
off by a temperature inversion. This 
is simply an upside down condition 
of temperature layers in the atmos- 
phere. Normally, air close to the 
ground surface is heated by contact 
with it or by radiation from it, and 
rises to higher and cooler altitudes. 
Typically, the air temperature cools 
about four degrees for every thou- 
sand feet of elevation. But on inver- 
sion days the opposite is true. A lay- 
er of air that is warmer than air at 
ground level may blanket a city 
at a low altitude. This inversion lay- 
er of warm air acts as a lid. It keeps 
the cooler air below it from rising to 
higher altitudes where it can be dis- 
persed by winds. This makes the geo- 
graphic basin in which Los Angeles 
is located resemble a kettle with a 
lid on it. 

For part of the year, inversion lay- 
ers at varying altitudes confine the 
air in the basin. Mountains on two 
sides and cold air from the sea com- 
plete the confinement. Within this 
“kettle” live about 6 million people, 
owning 3 million automobiles, and 
supported by about 15,000 industries 
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—all of which throw tons of pollut- 
ants into the air every hour. When 
the concentration of air pollutants 
captured under this lid of warm air 
reaches certain proportions, the at- 
mosphere near the ground becomes 
irritating to human beings as well as 
to plants and animals. It also dam- 
ages many substances. 

All air pollutants are classified by 
scientists and engineers as either 
aerosols or gases. 

Aerosols are minute particles of 
matter, solid or liquid, which are so 
small that they can remain sus- 
pended in the atmosphere for days. 
These particles diffuse light, so that 
visibility becomes blurred. Aerosols 
consist of smoke, fumes, dusts, and 
mists. 
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mosphere, but do not necessarily 
cause smog. 

Among the gases with which man 
pollutes the air, nitrogen oxides are 
the most common. Whenever any- 
thing is burned, some of the nitrogen 
(N.) in the air combines with some 
of the oxygen (O.) to form the gas 
nitric oxide (NO). This gas, in turn, 
combines with more oxygen and 
forms still another gas, nitrogen 
dioxide (NO.z). 

Oxides of 


sulfur are formed 


mostly from burning coal or from 
burning fuel gas containing hydro- 
gen sulfide. The most prominent of 
these is sulfur dioxide (SO.), a col- 
orless gas with a suffocating odor. 
In fog, some of it may be changed 
to sulfur trioxide and sulfuric acid 
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Auto exhausts contain more than 200 different chemicals but only the hydrocarbons 
cause smog. The olefins react with the nitrogen oxides in the presence of sunlight 
to form smog and ozone. Hydrocarbons are unburned or partially burned gasoline. 


Smoke contains both solid and 
liquid particles. It is the unburned 
product of incomplete combustion. 
It can be released into the air by 
burning rubbish, coal, or petroleum 
products, or from the exhaust pipes 
of automobiles. Fumes are solid 
particles. They are produced through 
the condensation of vapors which 
originate when solid matter is 
melted and some of it evaporates. 
Fumes are released into the air by 
the manufacture of chemicals, paints, 
rubber, and metals. Dusts are also 
solid particles. They are released by 
industrial grinding or sawing proc- 
esses in rock, cement, asphalt, tile, 
and rubber. Mists are liquid parti- 
cles, of which the most common 
examples are fog and steam. 

All these aerosols pollute the at- 


mists. This gas is the principal cause 
of the deadly London smogs. 

There are also gaseous inorganic 
acids which pollute the atmosphere. 
The most important is hydrogen fluo- 
ride, the only gas in the atmosphere 
containing fluorine. Laboratory ex- 
periments have shown that many 
plants are susceptible to hydrogen 
Huoride. Cattle which eat fluorine- 
poisoned plants may come down 
with fluorosis, an animal bone dis- 
ease. 

Automobile exhausts alone spew 
into the atmosphere more than 200 
different chemicals. The great major- 
ity are harmless. They are water 
(H.O) and carbon dioxide (CO.), 
which are the products of completely 
burned gasoline, plus nitrogen (Ne) 
and small amounts of oxygen (Oz) 
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Wide Wor ld photo 
Los Angeles smog control chief S. Smith 
Griswold sits in smog chamber breathing 
one part ozone in million of air. Result: 
His lung capacity dropped 22 per cent. 


and hydrogen (H2). The worst of- 
fenders, however, are the hydrocar- 
bons. These are compounds contain- 
ing only hydrogen and carbon. There 
are four classes of hydrocarbons— 
paraffins, aromatics, naphthenes, and 
olefins. Hydrocarbons are the prod- 
uct of unburned or partially burned 
gasoline. 


Origins of Smog 


In these hydrocarbon compounds 
lie the origins of smog. Under in- 
tense sunlight, the nitrogen dioxide 
reacts with the olefinic hydrocarbons 
to produce smog, which causes eye 
irritation, vegetation damage, and a 
reduction in visibility. This is called 
photochemical smog, from the Greek 
word “phos,” meaning light, and re- 
fers to a chemical reaction which 
occurs when a substance is exposed 
to light. 

In the case of smog, the photo- 
chemical reaction takes place when 
the auto exhaust gases are exposed 
to ultraviolet light from the sun. The 
reaction includes the nitrogen ox- 
ides, formed whenever anything is 
burned. In automobiles, nitric oxide 
(NO) is formed in the engine com- 
bustion chamber when gasoline is 
burned. As soon as this NO combines 
with oxygen (O.) in the atmosphere, 
NO, is formed. The NOsz reacts with 
olefinic hydrocarbons, also manufac- 
tured in automobile engines, thereby 
producing smog. 





The photochemical process also 
produces ozone (O3), a violently 
active form of oxygen, the one air 
pollutant not emitted directly into 
the air by combustion. Ozone is 
formed when nitrogen dioxide ( NOs ) 
absorbs energy from sunlight and 
breaks up into nitric oxide (NO) 
and oxygen (O). This single atom 
of oxygen (O), in the presence of 
olefinic hydrocarbons in the atmos- 
phere, combines quickly with an 
oxygen molecule (O.) in the air to 
form an ozone molecule (O;). There 
is no other known natural process 
of generating large amounts of ozone. 
Average ozone concentration in the 
Los Angeles atmosphere is 25 parts 
per 100,000,000, considerably higher 
than the concentration in any other 
city on Earth. 

Many public health authorities, 
such as Dr. Leroy E. Burney, Sur- 
geon General of the United States, 
believe that ozone in smog has a 
long-range destructive effect on hu- 
man health. To test this hypothesis, 
guinea pigs, rats, hamsters, and dogs 
were exposed to one part per million 
of ozone six hours a day for a year. 
This exposure is only slightly greater 
than the ozone levels which occur 
frequently in Los Angeles smog. This 
study and others made by Dr. H. E. 
Heggestad (of the U.S. Department 
of Agriculture) showed that expo- 
sure to this quantity of ozone could 
kill mice by causing their lungs to 
fill with fluid. 

It was also found, in other experi- 
ments, that animals were partly able 
to adapt to low concentrations of 
ozone. They developed resistance to 
larger poisonous doses. 

Another product of automobile 
exhaust is carbon monoxide (CO), 


Automobile exhaust gases mixed with clean fresh air are piped into hoods over 
heads of subjects at Stanford Atmospheric Reaction Lab. Subjects record eye irritation. 



















formed by incomplete burning of 
anything containing carbon, such as 
coal or petroleum products. Although 
carbon monoxide plays no part in the 
chemical reaction which causes smog 
it is poisonous when it reaches a cer. 
tain concentration in air. It affects J 
the ability of the hemoglobin in the 
blood to absorb and carry oxygen | 
from the lungs. 

The amount of hemoglobin that 
becomes useless increases with ex. 
posure to carbon monoxide. From air | 
samples collected along five Los An- 
geles freeways on smoggy mornings, 
it was found that the amount of car- 
bon monoxide in the samples was 
enough to make between 7 and 15 
per cent of a person’s hemoglobin 
ineffective. On the average, if a per- 
son lives in a city and smokes ciga- 
rettes, 3.1 to 7.8 per cent of his 
hemoglobin will be ineffective. 






















Effects of Irritants 


Scientists know that large amounts 
of carbon monoxide are lethal, but | 
are not sure of the effects caused by 
small amounts over long periods. Dr. 
Ross A. McFarland of Harvard Uni- 
versity suspects a connection be- 
tween the process of aging and a 
diminishing ability of the body to 
utilize oxygen. The ability of the 
eyes to adapt to darkness, important | 
in night driving, may also be affected 
by carbon monoxide. : 

Smog irritants also hinder the abil- | 
ity of the lungs to remove foreign 
substances. Usually these irritating 
particles are trapped by mucus, | 
which is then carried out of the | 
lungs by the sweeping action of the 
cilia—the hair-like cell structures 
that line the respiratory tract. These 
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Special muffler installed in exhaust system should remove 
most hydrocarbons when perfected. Muffler contains catalyst 
such as vanadium pentoxide, which allows hydrocarbons to 
react with air at low temperature, producing water, CO.. 


tiny cilia sweep the mucus upward 
into the throat, so that eventually the 
particles are carried into the alimen- 
tary system and eliminated. But the 
irritants in smog can slow down the 
secretion of mucus and toughen the 
cilia, retarding their sweeping action. 
Thus irritating particles tend to re- 
main in contact with the lung mem- 
branes for a longer time. 

It has also been found that auto 
exhausts contain substances capable 
of causing cancer (carcinogens ). Dr. 
Paul Kotin of the University of 
Southern California reproduced in 
his laboratory the Los Angeles-type 
smog, which contained suspected 
cancer-causing hydrocarbons found 
in auto exhausts. He found that 
when animals were exposed to these 
hydrocarbons, an unusually large 
number developed cancer. However, 
these experiments do not prove that 
the suspected substances are capable 
of causing cancer in man. The im- 
portance of such experiments lies in 
that they indicate the direction to be 
pursued in further research. 

How can the hydrocarbons and 
other pollutants in auto exhausts be 
reduced? The 3,000,000 cars in the 
Los Angeles area spew forth an esti- 
mated 2,000 tons of hydrocarbons 
and 450 tons of nitrogen oxides 
every single day. These hang over 
the city whenever an inversion layer 
is present. In theory, if every auto 
engine completely burns its gasoline, 
all the hydrocarbons as well as the 
carbon monoxide should combine 


with the oxygen in the air to form 
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Ford Motor Company 


only pure water and carbon dioxide, 
both harmless products. But in prac- 
tice between 1 and 10 per cent of 
the exhaust gases are unburned hy- 
drocarbons, depending on the age 
and condition of the car. 


Smog Control Devices 


The auto industry has been work- 
ing on exhaust control devices for 
more than five years, investing more 
than $5,000,000 in research on the 
problem. One solution is to burn the 
hydrocarbons and carbon monoxide 
before they emerge from the tail- 
pipe, by mixing them with additional 
air in a device that is called an 
afterburner. 

However, the exhaust temperature 
of the average car varies between 
400 and 800 degrees F. At this tem- 
perature the dilute exhaust gases 
simply will not burn. One answer to 
this problem is to insert a catalyst in 
the exhaust stream. 

A catalyst is a substance which 
accelerates a chemical reaction and 
allows it to take place at lower than 
usual temperatures; but the catalyst 
itself remains unchanged after the 
reaction has taken place. One inex- 
pensive catalyst successfully tested 
is vanadium pentoxide, which can 
help to remove about 80 per cent of 
the smog-forming hydrocarbons. The 
vanadium pentoxide is contained in 
a special tailpipe muffler. 

The Automobile Manufacturers 
Association recently discovered that 
about one half of the hydrocarbons 





Studebaker-Packard Corporation 
Simple smog-reducing device allows unburned hydrocarbons 
in crankcase to return to carburetor for combustion. Tube and 
valve running from crankcase to carburetor cost under ten dol- 
lars, are required by law on 1961 cars sold in California. 


which automobile engines release 
into the air come from the engine 
crankcase rather than the tailpipe. 
Much of the unburned gasoline, 
called blowby, leaks across the pis- 
ton rings and into the crankcase, 
from which it evaporates into the 
air through a vent. 

It was found that a slender tube 
running from the crankcase to a 
valve on the carburetor would solve 
this problem. The tube permits any 
unburned hydrocarbons within the 
crankcase to flow through the car- 
buretor back into the cylinder head, 
where they are consumed. According 
to a law of the state of California 
which became effective this year, all 
new cars sold in California must 
have this inexpensive device on the 
engine. 

Auto engineers, insist 
that part of the responsibility for 
curbing exhaust fumes rests with the 
car owner. The careless motorist may 
be using an excessively rich fuel 
mixture, or his piston rings may be 
worn. The motorist should have his 
engine tuned. His car is not only 
poisoning the air we breathe, but 
wasting gasoline. 

The long-range solution of the 
problem, however, lies in afterburn- 
ers. Once these are perfected, they 
may be required by law as standard 
equipment on all cars. When that day 
comes, one major source of pollution 
will have been removed from our 
atmosphere, and we will once more 
be free to breathe nature’s own for- 
mula for good health—pure air. 


however, 





WITHOUT THE ACTIVITY OF BILLIONS 





Photo by Dr. O. N. Allen, University of Wisconsin 
When nitrogen fixing bacteria invade the roots of legumes, lumps. Photomicrograph shows cross section of such a nodule. 
they cause root cells to grow and form nodules — little Dark cells in center are filled with nitrogen-fixing bacteria. 
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HERE are more living organisms 

in a spoonful of rich soil than there 
are people in the world. 

Just below the surface of the soil, 
there is a teeming world where bil- 
lions of living things, both plant and 
animal, live out their life cycles. They 
range in size from easily visible 
worms and insects down to micro- 
scopic bacteria and submicroscopic 
viruses. 

Bacteria are, by far, the most nu- 
merous members of the microscopic 
population, which also includes 
molds and fungi. Bacteria are the 
simplest forms of plant life. They 
consist of but a single cell. 

In 1951, Dr. Thomas McCalla and 
Dr. Thomas Gooding, bacteriologists 
at the University of Nebraska, esti- 
mated that the bacteria in an acre of 
soil of average fertility would weigh 
as much as a fully grown dairy cow 
of medium size. Since the average 
length of soil bacteria is about 
1/30,000th of an inch, this means 
that the numbers of bacteria found 
in the upper inches of soil must be 
astronomical. 

How can such large numbers of 
microscopic organisms be counted? 

There are two basic methods of 
counting soil bacteria. The first is 
the “direct microscopic count.” To 
make a “direct count,” scientists care- 
fully weigh out a one-gram sample 
of the soil to be examined. This soil 
sample is then suspended in a solu- 
tion of a gelatin-like material and 
water. After the suspension is pre- 
pared, a very small measured volume 


Fungi of many species are prominent among the unseen crops 
that every farmer raises in his fields. Fungi perform such 
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of the soil-water-gelatin solution is 
placed on a glass slide etched with 
tiny ruled squares. Dyes are added 
to make the bacteria visible. Using 
a microscope, scientists count the 
number of bacterial cells in a repre- 
sentative sample of squares. The 
number of bacteria per 
square is computed, and this figure 
is multiplied by the number of times 
the soil sample was diluted. The an- 
swer is the number of bacteria per 
gram. 

In the second method of counting 
soil bacteria, scientists grow them on 
specially prepared media containing 
agar and the foods needed by the 
various types of bacteria. The indi- 
vidual cells (obtained by diluting 
the sample with water) grow and 
divide. After hundreds of divisions, a 
visible cluster of bacteria, called a 
“colony,” results. Scientists count the 
colonies. Then, knowing the number 
of times the sample was diluted, they 
can calculate the most probable num- 
ber of bacteria per gram of soil. 


average 


The Nitrogen Cycle 


By a combination of these methods 
and examination of many samples 
of soil, Dr. McCalla and Dr. Gooding 
were able to estimate the number of 
bacteria found in an acre of soil. 
Together with molds and fungi, thev 
may weigh as much as five tons. 

Soil is not as lifeless as it would 
appear to be at first glance. It is the 
region of the Earth where geology 
and biology meet. Soil is a process, 
in a sense, in which minerals from the 
parent rock of Earth’s crust and the 





beneficial functions as decomposing crop residues and im- 
proving soil structure. Photos show four types of soil fungi. 
Dr. T. M. MeCalla, University of Nebraska 





















































U. S. Department of Agriculture photo 
Photo shows nitrogen-fixing bacteria 
from a nodule of clover root as they 
appear under a powerful microscope. 


residues of dead plants and animals 
are acted upon by microorganisms, 
and converted into raw materials. 
These support green plants and, in- 
directly, all animal life on the land. 

By experimental studies of plant 
nutrition, scientists have found that 
at least 15 chemical elements are 
necessary for the growth of green 
plants. Two of these, carbon (in the 
form of carbon dioxide) and oxygen 
(used in respiration), can be taken 
directly from the atmosphere. 

The others—including the essential 
protein-forming elements, nitrogen, 
hydrogen, and sulfur—must come 
from the soil. These are taken into 
the growing plant through its roots. 

Rich soil may be thought of as a 
bank in which the minerals neces- 
sary to nutrition are deposited. Each 
growing plant makes a withdrawal 
from the deposit of soil elements. To 
keep the account balanced and _ to 
prevent overdrawing, new deposits 
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must be made continuously. It is here 
that soil bacteria play an important 
role in the cycle of growth and de- 
cay that renews the soil. 

Consider nitrogen, an element that 
comprises 16 per cent of protein—the 
key ingredient of all living cells. 
Almost 80 per cent of the air we 
inhale is composed of nitrogen gas 
—‘“free” nitrogen. Above every acre 
of land on the surface of the Earth 
there are 35,000 tons of free nitro- 
gen. But free gaseous nitrogen is use- 
less to plants. 

Plants can absorb the elements 
they need only in the form of ions 
(atoms or molecules with an electri- 
cal charge), or combined with other 
elements in simple, water soluble 
compounds. 

Nitrogen gas is extremely unreac- 
tive. In the laboratory, nitrogen can 
be converted into compounds useful 
to plants only under conditions of 
extremely high temperature and 
pressure. Yet certain soil bacteria can 
accomplish this conversion at tem- 
peratures ordinarily found in soils. 
The process is called nitrogen fixa- 
tion. It is part of a larger process 
known as the nitrogen cycle. 

Here, briefly, is how the nitrogen 
cycle operates. Soluble nitrates (com- 
pounds of nitrogen, oxygen, and a 
metal) in the soil are drawn into 
plants through their roots. From the 
nitrates, the plant derives nitrogen to 
make its essential proteins. Animals, 
unable to use nitrates directly, ob- 
tain proteins by eating plants—or 
other plant-eating animals. Thus 
there is a steady flow of nitrogen into 
the bodies of living organisms. 

Plants and animals die. As their 
dead bodies decay, bacteria break 
down the nitrogen-containing pro- 
tein compounds. Eventually, after 
being acted on by several types of 
bacteria, protein nitrogen is con- 
verted into nitrates which can be 
used all over again. 

However, some soil bacteria, called 
denitrifying bacteria, act on nitrogen 
compounds to produce free nitro- 
gen which escapes into the air. To 
keep the cycle operating, new sup- 
plies of nitrogen must be deposited 
in the soil by the nitrogen-fixing bac- 
teria. 

Two groups of bacteria “fix” nitro- 
gen: one group, Rhizobium (rhizo, 
root; bium, life), lives and fixes ni- 
trogen in nodules (little lumps) on 


ISOTOPES 
OF 
NITROGEN 


Science World graphic 
Nitrogen isotopes have the same number 
of protons and electrons but differ in 
number of neutrons. Heavy nitrogen—8 
neutrons—“‘labels” gas fixed by bacteria. 


the roots of legumes. Legumes are 
plants that bear their seeds in pods. 
Peas, beans, and clover are examples. 

Bacteria enter legumes through 
the root hairs. Once inside, the car- 
bohydrates in the plant sap provide 
the bacteria with energy-rich food 
and they multiply rapidly. As the 
bacteria grow and multiply, the root 
cells also grow in size and number. 
As a result, the root system becomes 
covered with nodules. The bacteria 
in the nodules convert atmospheric 
nitrogen into useful nitrates. These 
are excreted into the cell sap of the 
host plants and into the soil around 
the roots as the bacteria carry on 
their life processes. Thus the legumes 
are provided with an abundant sup- 
ply of nitrogen compounds. This ex- 
plains the high protein content of 
peas and beans. 


“Tagged” Bacteria 


The relationship between the rhi- 
zobia and the legumes in which they 
live is said to be symbiotic: They 
share mutual benefits by their part- 
nership. 

The other forms of nitrogen-fixing 
bacteria live independently and _ fix 
nitrogen in the soil itself. There are 
many species. The most important 
belong to a group called Azotobacter 
(azote, nitrogen; bacter, bacteria). 

How does a scientist determine 
whether or not a species of bacteria 
is capable of nitrogen fixation? 

One method is to grow bacteria in 
an atmosphere containing “labeled” 
nitrogen atoms. Most atmospheric 
nitrogen atoms have 7 protons and 7 





neutrons in their nuclei. But there 
are other, rare forms of nitrogen that 
have 7 protons but more than 7 neu- 
trons. The chemical properties of 
nitrogen are determined by its elec- 
trons, which are held in the atom by 
the nuclear protons Thus the pres- 
ence of an extra neutron or so doesn’t 
alter its chemical properties or, 
therefore, its biological role. How- 
ever, the extra neutrons do make 
such nitrogen atoms heavier. Thus 
they can be separated from the more 
common form and identified. Such 
atoms are called heavy isotopes. 

The nitrogen isotope called N-15 
(because it has 7 protons and 8 neu- 
trons) may be used as labeled nitro- 
gen gas to “trace” the movement of 
nitrogen in living organisms. Sup- 
pose that bacteria are grown in an 
atmosphere containing this “heavy” 
form of nitrogen. If the bacteria are 
capable of fixing nitrogen, analyses 
of the bacterial cells and their prod- 
ucts should show the presence of 
heavy nitrogen. 

Experiments with labeled nitrogen 
show that Azotobacter can fix atmos- 
pheric nitrogen and change it into 
forms that can be absorbed by roots. 

Azotobacter may have another im- 
portant function, however. Dr. Lewis 
Jones of the Utah State Agricultural 
College, Logan, Utah, found upon 
analysis of cultures of Azotobacter 
that these bacteria synthesize specific 
vitamins. It is possible that bacteria 
of this group make available such 
vitamins as niacin, riboflavin, and 
thiamine—all essential to growth. 

There are similarities between the 
free living nitrogen-fixing bacteria 
(Azotobacter) and those associated 
with legumes (Rhizobium). For ex- 
ample, rhizobia are also found free 
in the soil. But unlike Azotobacter, 
rhizobia can fix nitrogen only when 
they are living in the roots of leg- 
umes. An experiment by Dr. Perry 
Wilson and Dr. Orville Wyss of the 
University of Texas in Austin, Texas, 
indicates that the process by which 
the free living Azotobacter and the 
symbiotic Rhizobium fix nitrogen 
may be similar, if not identical. 

In carrying out their experiments, 
the scientists prepared an experi- 
mental atmosphere in which the ni- 
trogen content was reduced from its 
normal 78 per cent to 30 per cent. 
The missing nitrogen was replaced 
with either helium gas or argon gas, 
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both of which are chemically inac- 
tive. Under these conditions Azoto- 
bacter was able to fix nitrogen. 

The scientists then prepared an 
experimental atmosphere in which 
they replaced the missing nitrogen 
with hydrogen. Result: the rate of 
nitrogen fixation was drastically re- 
duced. Similar experiments with rhi- 
zobia taken from red clover showed 
that their rate of nitrogen fixation is 
also reduced in the presence of hy- 
drogen. From these experiments, Dr. 
Wilson and Dr. Wyss concluded that 
since hydrogen slows down or stops 
nitrogen fixation in both free living 
and symbiotic nitrogen-fixing bac- 
teria, the basic process of nitrogen 
fixation may be identical in both. 

For a long time scientists have 
hypothesized that chemical  sub- 
stances called enzymes, contained in 
bacteria, were responsible for nitro- 
gen fixation. However, it was impos- 
sible to remove the enzymes from 
living cells without destroying them 
in the process. 

Last March, Dr. James E. Car- 
nahan and his associates at the 
Du Pont Experimental Station in 
Wilmington, Delaware, announced 
that they had at last developed a 
technique for separating nitrogen- 
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U. S. Department of Agriculture photo 





Nodules formed by nitrogen-fixing bac- 
teria can be seen on roots of this plant. 
Bacteria were added to seed at planting. 
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These scientists (left to right), Dr. Leonard Mortenson, Dr. James Carnahan, Dr. 
John Castle, and Dr. Howard Mower, produced in laboratory the reaction bac- 
teria use to fix nitrogen from the air into compounds useful to plants. Dr. Mortenson 
is adding source of chemical energy to bacterial enzymes extracted in new process. 


fixing enzymes from bacteria. They 
were also able to use the enzymes to 
produce nitrogen fixation outside of 
living cells. This is an important 
breakthrough that will add much to 
the scientific understanding of nitro- 
gen fixation. 

Working with a free living nitro- 
gen-fixing species, the Du Pont sci- 
entists obtained nitrogen-fixing ex- 
tracts by two methods. One method 
involved breaking the bacteria cell 
membranes by freezing and pressing 
them simultaneously in an apparatus 
cooled to —35°C. Freezing prevented 
the chemical destruction of the en- 
zymes. The frozen preparation was 
thawed and centrifuged. From the 
centrifuge tube they removed a so- 
lution free from cell parts. 


Cycle in the Test Tube 


The other method involved drying 
the cells. At extremely low pressures, 
water evaporates at low tempera- 
tures. Thus, in a vacuum chamber, 
the cells could be dried at tempera- 
tures that would not destroy the 
chemical activity of the enzymes. 
The dried cells were pulverized in a 
mortar, and suspended in solution. 
The solution was cooled to 0°C. and 
centrifuged at high speed to separate 
the cellular materials from the chem- 
icals they contained. In this way a 
second type of cell-free extract was 
prepared. 

Were the cell-free extracts able to 
fix nitrogen? There was only one way 
to find out: expose them to nitrogen 
gas and analyze the extracts for nitro- 


gen compounds. But the enzymes 
themselves were proteins and con- 
tained nitrogen. How could the scien- 
tists tell which nitrogen compounds 
came from fixed nitrogen and which 
were already present in the extracts? 
The answer was to “label” the test 
nitrogen with heavy nitrogen. 

There was still a missing factor— 
energy. In living bacterial cells nitro- 
gen fixation requires energy—as do 
all other life processes. Nitrogen fix- 
ation in a glass flask would also re- 
quire an energy source. The scientists 
used a chemical called sodium pyru- 
vate, a near relative of cane sugar. 

Once the pyruvate was added, ni- 
trogen fixation began. How did the 
scientists know? They analyzed the 
extracts for nitrogen compounds. 
They found ammonia (a_ nitrogen 
compound ) containing the “labeled” 
nitrogen! The scientists had dupli- 
cated in a solution of chemicals the 
very same process which living bac- 
teria use to fix nitrogen. 

Just as there is a cycle of nitrogen 
in nature, there is a cycle in the 
growth of scientific understanding. 
Two thousand years ago the farmers 
of ancient Rome knew that crops of 
legumes enriched their fields. Today 
we know why, and we are on the 
verge of understanding how. Tomor- 
row our knowledge will be put to 
use in feeding the hungry world and 
maintaining the fertility of its pre- 
cious soil. 

Thus the cycle of discovery leads 
from the fields to the laboratory and 
back to the fields, 
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The Earth passes through a rain 
of particles that tell us 
much about the atom and 


the universe 


By HAROLD SLOANE 


HE mystery of the leaking elec- 

troscopes intrigued scientists 60 
years ago. It was a minor mystery, 
but in attempting to solve it, scien- 
tists found that the mystery became 
deeper the farther they probed. It 
led into some of the most fundament- 
al questions of physics and astrophy- 
sics. The mystery is still far from 
solved, but the investigation has 
proved to be one of the most reward- 
ing in the history of science. 

What was this mysterious leak that 
intrigued scientists? The electroscope 
is a simple instrument. A common 
type of electroscope consists essenti- 
ally of two strips of metal foil at- 
tached to one end of a metal rod that 
has a metal ball or plate at the other 
end. The metal foil end of the rod 
hangs in a case that has glass obser- 
vation windows, from which it is 
carefully insulated. The metal ball 
protrudes from the case (see cover 
illustration ). 

In use, the electroscope must be 
electrically charged. An easy way to 
do this is by rubbing a hard rubber 
rod with a piece of wool. This re- 
moves some electrons (which have a 
negative charge) from the wool, 
giving the rod a negative charge. 
When the charged rubber rod is 
touched to the electroscope knob, 
electrons flow from the rod into the 
strips of metal foil, leaving the elec- 
troscope with a negative charge. 
Both strips of metal foil now have 
the same electrical charge, and since 
like charges repel each other, the 
strips fly apart. They will remain 
apart until the negative charge is 
neutralized. Electroscopes can also 
be charged positively. 

Around the turn of the century, 
many scientists were using electro- 
scopes to investigate the newly dis- 
covered phenomenon of: radioactiv- 
ity. Among them were Lord Ruther- 
ford, in England, who was investi- 
gating the electrical structure of the 
atom, and Marie and Pierre Curie, 
in France, the discoverers of radium. 
A radioactive gives off 
rays or particles. In contact with the 
air, these rays knock electrons out of 
molecules of air, leaving them with 


substance 





Mount Wilson and Palomar Observatories 

One theory: Particles thrown off from sun 
and other stars get energy from being 
whirled in magnetic fields between stars. 





a positive charge. If the substance 
is near a negatively charged electro- 
scope, the positively charged mole- 
cules of air, in contact with the knob, 
neutralize the negative charge by 
picking up electrons from the foil. As 
the strips lose their negative charge, 
they come together. The rate at 
which the bits of foil come together 
furnishes a measure of the intensity 
of the radiation—the rate at which 
particles are coming from the radio- 
active sample. 

Scientists always seek exact meas- 
urements, and by 1900 they had de- 
veloped very sensitive electroscopes, 
The instruments had an annoying 
habit, however, of slowly discharg- 
ing without any apparent cause. This 
was called the “natural leakage.” 

No doubt the natural leakage had 
been observed often during the 150 
years since the invention of the elec- 
troscope, but no one had bothered 
to investigate it. Around 1900 several 
physicists became so puzzled that 
they looked into the matter. 

It was known that rocks and soil 
carry minute traces of radioactive 
elements. Were radiations from the 
Farth causing the leakage? 


Under and Above the Earth 


The scientists put blocks of lead 
all around, under, and over charged 
electroscopes to shut out this Earth 
radiation. Still the instruments lost 
their charge, though more slowly 
than when unprotected. 

In Canada, John C. McLennan and 
his associates reasoned that a thick 
shield of water might protect the 
instruments from the Earth’s radio- 
activity. One winter day, McLennan 
and other scientists carried electro- 
scopes far out onto the frozen sur- 
face of Lake Ontario, with many feet 
of ice and water beneath. Slowly, but 
inexorably, the extended leaves of 
the electroscopes came together. 

In Paris, Theodor Wulff, a Jesuit 
physicist, took an electroscope up 984 
feet to the top of the Eiffel Tower 
in an effort to get away from the 
radiation in the Earth. Again the 
electroscope discharged more slowly 
than on the ground, but discharge it 
did. Albert Gockel of Germany in 
1910 and 1911 carried the leaking 
electroscopes up in balloons, once to 
14,500 feet. Even there the natural 
leak occurred. 
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Earth’s magnetic field helps to shield it from cosmic rays, 
which enter Earth’s atmosphere mainly at poles, where lines 
of force are perpendicular to Earth’s surface. Low energy 


Then in 1911 a young physicist in 
Vienna, Victor F. Hess (now at 
Fordham University), undertook 
more elaborate experiments. First he 
set a bit of radium on the ground 
and measured its effects upon elec- 
troscopes at various distances. He 
found that beyond 1,600 feet the 
radiations from radium apparently 
did not reach the electroscope. From 
this, Hess concluded that the nat- 
ural radioactivity in the soil and 
rocks would not reach an electro- 
scope 1,600 feet above the ground. 
Next he carried several electroscopes 
up in a balloon. The natural leak- 
age dropped to its lowest level at 
1,600 feet, as he hypothesized it 
would. As the balloon continued to 
ascend, a surprising phenomenon oc- 
curred. At 6,000 feet the leakage 
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equalled the leakage on the ground, 
and at 19,000 feet the rate of leakage 
was twice as rapid as on the ground. 
This convinced Hess that the leakage 
was caused by “a very penetrating 
radiation coming mainly from above 
and being most probably of extra- 
terrestrial origin!” Twenty-five years 
later Hess’ remarkable experiments 
and his theory of the radiations won 
him the Nobel Prize in physics. 

But in 1911 few physicists paid at- 
tention to Hess’ work. One scientist 
was inspired to further efforts. Wer- 
ner Kolhoerster at the University of 
Halle in Germany took electroscopes 
up nearly six miles in a_ balloon. 
There the instruments discharged 13 
times as fast as at sea level. Appar- 
ently, Hess was right—radiation was 
coming from outer space. 
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rays come from sun. High energy rays may result when low 
energy particles emitted from a star are whirled to higher and 
higher velocity by interstellar magnetic fields, then rocket out. 


World War I interrupted these 
studies, but after the war Kolhoers- 
ter resumed his work in Germany 
and Robert A. Millikan at the Calli- 
fornia Institute of Technology en- 
tered the field. Millikan developed a 
seven-ounce outfit, consisting of an 
electroscope and a mechanism to re- 
charge it, as well as a camera to 
photograph it automatically at regu- 
lar intervals. These he sent nearly 10 
miles up in unmanned balloon flights. 
The electroscope discharged more 
and more rapidly as it rose higher 
and higher. 

Millikan began to wonder how 
penetrating the radiations from above 
might be. Kolhoerster also investi- 
gated this problem. They put electro- 
scopes in waterproof containers and 
lowered them deep into mountain 
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lakes. They took them into mines, 
and lowered them into crevasses of 
glaciers. Everywhere the radiations 
penetrated and discharged the in- 
struments. In 1925 Millikan named 
these remarkable radiations “cosmic 
rays.” 

But he did not know whether they 
were actually rays, such as light and 
radio waves (which are electromag- 
netic radiation), or whether they 
were particles, such as the protons 
and electrons found in atoms and 
given off by some radioactive ele- 
ments. 

Then the cloud chamber was in- 
vented. This instrument is a glass- 
walled container filled with super- 
saturated vapor. Radiation, such as 
a charged particle passing through 
the vapor, knocks electrons off 
the vapor molecules, thus ionizing 
the molecules. Moisture condenses 
around these charged molecules or 
ions, and the path of the radiation 
is marked by a streak of tiny droplets 
that have condensed from the vapor. 
Photographs of the cloud chamber 
record tracks made by radiation. 

Now if cosmic rays were charged 
particles, an electromagnet just out- 
side the cloud chamber should at- 
tract or repel the particles, causing 
them to move one way or the other. 
The path of moving negatively 
charged particles would be deflected 
in one direction by the pull from a 
magnet, while positively charged 
particles would be deflected in the 
opposite direction. 


Low Energy and High 


Cosmic rays came through the 
chamber with such great energy that 
apparently nothing could deflect 
them. Then Carl D. Anderson, work- 
ing with Millikan, hit upon the idea 
of inserting a lead plate in the cham- 
ber, right across the path of the cos- 
mic rays. The rays passed through 
the the lead, but they were slowed 
down sufficiently to respond to a 
magnetic field. They swerved from 
their path, proving they were charged 
particles. Anderson knew the strength 
of the magnetic field. Thus he was 
able to calculate from the curvature 
of the paths of the particles how 
much energy they had. He found 
that each particle had thousands of 
millions of electron volts of energy 
(electron volts are a measure of en- 
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Explosion shown in photomicrograph above resulted when heavy primary of cosmic 
radiation struck nucleus of silver or bromine in photographic emulsion on plate. 


ergy; a million electron volts is called 
a mev and a billion electron volts a 
bev). 

Recalling that the Earth itself is a 
huge magnet, with a north magnetic 
pole and a south magnetic pole, sci- 
entists began to look for the effects 
of this magnetism on cosmic rays. 

If the incoming cosmic rays 
were electromagnetic radiation, they 
would carry no charge, passing 
through the Earth’s magnetic field 
without being deflected. But if they 
were indeed charged particles, they 
would respond to the Earth’s mag- 
netism, in the way that charged par- 
ticles responded to a magnetic field 
in a cloud chamber. Charged par- 
ticles would have little trouble pen- 
etrating the Earth’s magnetic field 
near the magnetic poles, where the 
lines of force converge and come 
down perpendicular to the surface 
of the Earth. But only the most en- 
ergetic particles could pass through 
the Earth’s magnetic field at the 
Equator, where the lines of force 
extend far out into space, sweeping 
from pole to pole. 

As expected, electroscopes carried 
on ships discharged much faster in 
northern and southern latitudes than 
near the Equator. 

Eventually it was discovered that 
the radiations detected at sea level, 
and even high in the atmosphere, 


were not the original cosmic-ray par- 
ticles. They were second or third 
generation or even more remote de- 
scendants of the particles from outer 
space. The original or primary par- 
ticles strike molecules of air near the 
top of the Earth’s atmosphere. The 
impact smashes these molecules to 
bits. The pieces, which have ac- 
quired high energies, smash. still 
lower molecules, and so on until 
each primary ray has given birth to 
a whole shower of particles in the 
atmosphere. Down come the showers 
to the surface of the Earth, and some 
of the rays even penetrate soil, water, 
ice, and stone. 

The primary cosmic rays from 
space consist mostly of protons. 
These are the positively charged nu- 
clear particles which make up the 
nucleus of the hydrogen atom and 
are found in nuclei of all other atoms. 
Some of the cosmic rays are nuclei of 
heavier elements, such as iron. All 
are stripped of their electrons, and 
thus carry a positive charge. Today 
we know that a billion billion cosmic- 
ray particles of all types plunge into 
the Earth’s atmosphere every second. 

It was the study of cosmic rays, 
and especially the showers of sec- 
ondary rays, that led to the discovery 
of mesons and of several other parti- 
cles found in the atom’s nucleus. 

In the 1930's, the first particle ac- 
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celerators (atom smashers) were built 
to produce the effects of cosmic rays 
in a more controlled fashion. They 
have brought to light many nuclear 
particles. Yet the most powerful of 
all accelerators, the alternating-gradi- 
ent synchrotron at the Brookhaven 
National Laboratory on Long Island, 
can accelerate particles only to 30 
bev, while cosmic rays can reach en- 
ergies of nearly a billion times that. 

Cosmic-ray studies by Dr. James 
A. Van Allen of the State University 
of lowa led to discovery of the Van 
Allen belts of charged particles 
trapped above the Earth in its mag- 
netic field. Originally Dr. Van Allen’s 
instruments aboard rockets were de- 
signed to detect primary cosmic rays. 
A few years ago, instrumented 
rocket nose cones and the first Earth 
satellites went high enough to reach 
into the radiation belts. Thus the 
cosmic-ray detectors discovered this 
phenomenon. 


Mystery of Their Origin 


One of the major questions about 
cosmic rays is their origin. It was 
once thought they originate in the 
sun, but the particles come in on the 
Earth from all directions—the dark 
or night side receives the same num- 
ber as the side turned toward the 
sun. If the sun were responsible for 
the particles, the numbers on the day 
side would be much greater than on 
the dark side. Today it is known that 
while the sun does send protons to 
the Earth, they are of relatively low 
energies compared with other par- 
ticles from space. 


The late Enrico Fermi suggested 
that our sun and other stars may in- 
ject particles into space, where they 
wander for millions of years. There 
they encounter magnetic fields float- 
ing in the space between stars in our 
galaxy, the Milky Way. These mag- 
netic fields gradually accelerate the 
particles to their tremendous ener- 
gies, according to the Fermi theory. 
If this theory is correct, it would be 
impossible to tell what direction any 
particular cosmic ray had originally 
come from, for it would have 
changed directions many times be- 
fore it reached the Earth. 

Another theory suggests that cos- 
mic rays are born in such great stel- 
lar-events as supernovae, in which a 
star in effect blows up. The less en- 
ergetic rays from such an_ event 
would be bent by magnetic fields in 
the galaxy, but the most energetic 
ones, with energies between 10" 
(100 million billion) and 10'S (one 
billion billion) electron volts would 
hit the Earth only if they had started 
toward it at the beginning. 

To see if he could detect such 
“aimed” particles, Dr. Bruno Rossi 
of the Massachusetts Institute of 
Technology developed an ingenious 
plan. He spread out on the ground 
an array of giant scintillation coun- 
ters. These give off light, or scintil- 
late, when struck by radiations. A 
recording apparatus records the 
number of radiation counts and the 
time the radiation arrived. These 
counters are not concerned with 
primary cosmic rays. They are traps 
for the showers in the atmosphere. 
Because they are spread out over the 








\ 
x ; \ 





Science World graphic 


In New Mexico, Bruno Rossi spread scintillation counters over plain mile and third 
wide. Cosmic ray shower led to conclusion primary particle came from outside galaxy. 


NOVEMBER 30, 1960 


17 


ground, the disks can show the direc- 
tion from which the primary cosmic 
ray hit the Earth’s atmosphere. If, 
for example, it came in from the east, 
particles in the shower would strike 
the easternmost detectors first. 

Within the past few years, Dr. 
Rossi has detected showers that were 
started by primary rays with an en- 
ergy of 10" and even 10'* electron 
volts. But they seem to come from 
just about all directions in the sky. 
Thus, he cannot point to any known 
supernova or other object as the 
emitter of these rays. 

A little more than a vear ago he 
set up an array of scintillation coun- 
ters at Volcano Ranch in New Mex- 
ico. They are spread out over a 
grassy plain a mile and a third wide 
and all are connected to a complex 
recording device. Last December 3 
an unusual cosmic ray shower struck 
the detectors. Information from 
showers must be processed by com- 
puters, and the data from this par- 
ticular shower were not processed 
until late last summer. A few weeks 
ago all the data were gathered to- 
gether and Dr. Rossi announced that 
the counters had detected a cosmic- 
ray shower consisting of 10 billion 
particles (all from one primary par- 
ticle). The original ray from space 
was the most astonishing ever re- 
corded. It had an energy of over 2 x 
10'” electron volts (or about 20 bil- 
lion billion electron volts ). 


From Beyond Our Galaxy 


In the direction from which the 
ray came, there is nothing known in 
our galaxy capable of emitting such 
a particle, nor could the magnetic 
fields in the galaxy have given it 
this tremendous energy. Dr. Rossi 
has concluded that the particle prob- 
ably came from outside our galaxy 
and that it must have gained its en- 
ergy from wandering for perhaps 
billions of years in galaxies other 
than our own. It is the first piece of 
solid matter known to have arrived 
at the Earth from the reaches of the 
universe beyond the Milky Way. 

The particle does not, however, 
solve the mystery of the cosmic rays. 
The search for a solution goes on and 
it will probably continue to be as 
fruitful as it has been for the past 60 
years. Even if the problem is never 
solved, the investigation will have 
been more than worthwhile. 


















Science in the news 


A Churk Is Born 


It was a big day at the U. S. Depart- 
ment of Agriculture when Dr. Marlow 
W. Olson announced that he had suc- 
cessfully hatched a cross between a 
chicken and a turkey. The newborn 
bird was appropriately named a “churk.” 

The churk has the long neck and 
white skin of its turkey mother, and the 
size and feather colors of its chicken 
father, Its neck is feathered but without 
wattles, Its legs are like those of a 
young turkey. All churks have some 
defects, such as crooked legs or beaks. 
Their feathers grow twisted, probably 
because of unequal growth in the cells, 

Three of the hybrid birds are now 
alive, all between seven and _ eight 
months old. They are physically weak 
and have only about half the intelli- 
gence of the parent stock. They are 
kept in a separate pen because they 
would be pecked to death if mixed with 
other fowl, either chicken or turkey. 

The churks are all male birds and un- 


able to reproduce. This means that a 
turkey and a chicken would have to be 
cross-bred every time a churk is pro- 
duced. The reason: The different num- 
ber of chromosomes in chickens (six 
pairs) and in turkeys (nine pairs). The 
hybrids get a single set of chromosomes 
from each parent, six from the chicken 
and nine from the turkey, Thus they 
end up with fifteen chromosomes that 
cannot pair up and produce offspring. 

Dr. Olsen said that the churk was 
produced completely by accident. Gene- 
ticists had previously been unsuccessful 
in producing this cross-breed. Dr, Ol- 
sen’s chicken-turkeys showed up in a 
batch of turkey eggs he had fertilized 
artificially from dark Cornish chicken 
stock, in an attempt to produce father- 
less turkeys. 

The churk is a silent bird. It has 
neither the “gobble” of its turkey mother 
nor the crow of its rooster father. Since 
there are only three living churks, it is 
unlikely that one found his way onto 
your Thanksgiving table. 





Wide World photo 
Dr. Donald A. Glaser of University of California won Nobel Prize in physics for his 
bubble chamber. Paths of nuclear particles appear as bubbles in liquid-filled chamber. 





UPI photo 
Surprised bird is a “‘churk,” first suc- 
cessful cross between chicken and tur- 


key. Hybrid churks are all males, can- 
not reproduce, are sickly and stupid. 


Nobel Prize Winners 

The Nobel Prizes in chemistry and 
physics were awarded to Dr. Willard F. 
Libby, nuclear chemist, and Dr. Donald 
A. Glaser, nuclear physicist, both of the 
University of California. 

Dr. Libby was honored for his de- 
velopment of a method of accurately 
dating objects thousands of years old. 
The technique measures the rate of de- 
cay of the radioactive isotope carbon-14. 

Dr. Libby’s method is based on the 
fact that all plants qnaintain a certain 
proportion of carbon-14 during their 
lifetime; and the same holds for man, 
since he lives directly or indirectly on 
plants. Once a man or a plant dies, 
however, the radioactive atoms of car- 
bon-14 which decay can no longer be 
replaced. By measuring the amount of 
radioactivity present in ancient objects, 
their age can be determined. 

Dr. Glaser was honored for inventing 
the bubble chamber, which makes it 
possible to trace nuclear events which 
take place in a fraction of a second. The 
bubble chamber is filled with a dense, 
clear, liquefied gas heated beyond its 
vapor temperature. Nuclear particles 
speeding through the chamber disturb 
the liquid molecules so that they in- 
stantly change from liquid to gas. The 
path of the particle can thus be seen as 
a trail of bubbles through the chamber. 
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“Speed Mail”’ 


From now on the mailman will have 
to move with the speed of light to keep 
up with the latest method of mail de- 
livery. 

The post office now has a system 
which uses microwaves (high-frequency 
radio waves) to deliver first-class mail 
across the country in a matter of sec- 
onds. 

In this system, called speed mail, a 
letter writer uses a one-page combina- 
tion letter and envelope similar to the 
V-mail used during World War II. The 
letter is fed into a machine which opens 
and scans it. An image of the letter is 
sent by microwave to the receiving 
point, where another machine makes a 
facsimile. The facsimile letter is then 
delivered to its recipient. The contents 
of the letter remain private, because 
only the machines have a chance to 
read the letters. The original letter is 
automatically destroyed after its con- 
tents have been transmitted. At the re- 
ceiving end, the facsimile machine auto- 
matically seals the letter before releas- 
ing it. 

It is hoped that speed mail will even- 
tually produce one-day delivery of first- 
class mail from anywhere in the coun- 
try. The first machines were recently 
operated between Washington, Chicago, 
and Battle Creek, Mich. Postmaster 
General Arthur Summerfield said that 
Congress probably would have to enact 
special legislation for speed mail and 
decide on an appropriate fee. 





Wide World photo 
in chemistry, Dr. 


Nobel Prize winner 
Wilard F. Libby, developed method of 
dating ancient objects or fossils, by 
measuring decay of radioactive carbon. 
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National Bureau of Standards 


Microscopic copy of page in Bible is compared to size of bacteria in corner section. 
Copy was made with special camera, is only one-millionth of area of original page. 


Capsule Caught 


The remarkable feat of catching a 
capsule falling toward the Earth from 
space was accomplished again last week 
by an Air Force plane. 

The plane snared the gold-plated in- 
strument capsule in mid-air with a trap- 
eze-like device. It was caught about 500 
miles northeast of Honolulu at an alti- 
tude of 9,500 feet. 

The capsule was carried into space 
within the body of the satellite Dis- 
cover XVII. On its thirty-first orbital 
pass over the Hawaii area the capsule 
was ejected. Reverse rockets slowed it, 
and as it entered the atmosphere a para- 
chute blossomed out and carried it 
gently toward the Earth. 

The 300-pound capsule was scorched 
around the edges when caught but 
otherwise undamaged. The capsule was 
carrying instruments designed to record 
sunspot activity. Since the satellite had 
been sent into orbit during a period of 
intense sunspot activity, it was hoped 
that the recovered capsule might yield 
important data on the aurora borealis. 
The capsule was tracked by radio after 
it was ejected. 


Elements of Life 


If life exists anywhere else in the uni- 
verse, it is likely to be the same as life 
on Earth. 

According to Dr. George Wald, Pro- 
fessor of Biology at Harvard University, 
living organisms everywhere in the uni- 
verse must be constructed primarily 
from four basic elements. These are 
carbon, oxygen, nitrogen, and hydro- 
gen. The choice of these elements was 
not made beeause of their abundance, 
but because they are the only elements 
which have properties required to sus- 
tain the life process. 

The scientist is doubtful that life can 
ever arise without water, which is a 
compound of oxygen and hydrogen, or 
without oxygen in gaseous form. He 
also believes that life cannot possibly 
thrive anywhere unless electromagnetic 
radiation such as visible and invisible 
light is available. Radiation in the 
wave length range of 300-1, 100 microns 
(a micron is one thousandth of a milli- 
meter) is required to excite molecules 
electronically, and so activate the pho- 
tochemical reactions necessary for the 
life process. 
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Disease Fighter 


S recently as 100 years ago, a di- 
agnosis of tuberculosis was con- 
sidered to be a death warrant. And the 
opinion that prevailed at that time was 
“Why fight the inevitable?” But there are 
always some men and women who will 
not accept the inevitable, who will fight 
to improve the lot of their fellow men. 
Such a fighter is Dr. Rene J. Dubos, 
a microbiologist and experimental path- 
ologist who has devoted more than 30 
years to the study of the organisms that 
cause disease. At the Rockefeller In- 
stitute, in a sunny laboratory over- 
looking New York City’s East River, 
Dr. Dubos directs a team of researchers 
investigating the mechanisms involved 
in the process of tuberculosis infection 
and disease. 

Born in Saint Brice, France, in 1901, 
Rene Jules Dubos attended school and 
college in Henonville and Paris, France. 
In 1924 Dr. Dubos came to the United 
States and became a research assistant 
and Instructor in Bacteriology at Rut- 
gers University in New Brunswick, 
N.J. He received his Ph.D. degree 
there in 1927. 

Since that time he has been a faculty 
member of the Rockefeller Institute, ex- 
cept for a short period when he served 
on the faculty of Harvard University 
Medical School. 

Almost every individual exposed to 


mouse pellets 
balanced diet 


the tubercle bacillus—the germ that 
causes tuberculosis—will contract infec- 
tion. However, most people manage to 
keep the germ dormant and _ inactive 
because their bodies are in equilibrium 
with the bacillus. That is, although the 
bacillus is present, the body’s natural 
defenses keep it from multiplying. “If 
the marvelous mechanisms of the body 
succeed in keeping the germs under 
control, then we remain healthy,” ex- 
plains Dr. Dubos. “But if the germs win 
the struggle, we have disease.” 

Why is it that the bacillus will in 
some cases remain dormant and _ in 
others flare up and cause tuberculosis? 
“The bacillus must find the proper soil 
in the body before it can multiply,” is 
the way that Dr. Dubos explains this. 


Relation Between Diet and Disease 

There are many factors leading to 
the breakdown of the body’s defenses. 
The factor that Dr. Dubos is currently 
investigating is the knowledge that 
tuberculosis is more prevalent in some 
parts of the world ‘han in others. This 
has led Dr. Dubos to hypothesize that 
there is a relation between diet and the 
disease. Dr. Dubos explains, “Tuber- 
culosis is a huge problem wherever 
people live chiefly on rice, corn or other 
grains with little meat or dairy prod- 
ucts. These are the conditions which 
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Science World graphic 


Effects of three different diets on resistance of mice to tuberculosis: Experiments 
showed that group receiving good protein nutrition had most resistance to disease. 





prevail in most of the underprivileged 
parts of the world. It is our impression 
that resistance to tuberculosis decreases 


whenever the diet does not contain 
enough protein, or is made up of low 
quality protein.” 

Proteins are large molecules com- 
posed of smaller chemical groups—the 
amino acids. Of the 22 amino acids 
known, nine are believed to be essen- 
tial for healthy growth in children, and 
eight are considered essential for main- 
tenance of adult health. A low quality 
protein lacks one or more of these es- 
sential amino acids, or has them in very 
small amounts. 

To validate the hypothesis relating 
diet and resistance to 
Dubos and his associates began a series 
of experiments. They used three groups 
of 10 mice each, all from the same 
closely inbred strain and the same age. 


clisease, Dr. 


Three Diets—One Conclusion 

The first group of mice were fed on 
a regular laboratory diet of “mouse pel- 
lets.” This is a fairly well balanced diet 
containing carbohydrates, fats, min- 
erals, vitamins, and enough high qual- 
ity protein to produce good growth. 

The second group was fed a diet 
that was balanced except for the pro- 
tein. Their diet included a single plant 
protein—gluten. This is a low quality 
plant protein of the type most com- 
monly available in underprivileged 
areas of the world. 

The third group was fed a diet simi- 
lar to the other two, but enriched with 
casein, an animal protein from milk. 

Careful study and observation showed 
that the animals in the first and third 
groups gained weight rapidly and 
looked well and healthy. The animals 
fed on the low quality protein did not 
gain as much weight. 

The scientists hypothesized that the 

(Continued on page 34) 
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PROJECTS AND EXPERIMENTS 


PROJECT: New Research on the Prop 


of Royal Jelly 


STUDENT: KENNETH SHEARON, GRADE 12, WINNER, FUTURE SCIENTISTS OF AMERICA AWARDS 


SCHOOL: HEELAN HIGH SCHOOL, SIOUX FALLS, IOWA 


@ Honey bees are social insects. 
They live in colonies made up of thou- 
sands of individuals. In a colony, each of 
the three types of bee—queen, worker, 
and drone—carries out a pattern of be- 
havior that has a function in maintain- 
ing the colony. 

Drones are males. Qucen and workers 
are both females. The queen’s function 
is to lay eggs. The worker bee, as the 
name implies, works. 

Although workers and queen are both 
females, they differ greatly in appear- 
ance and size. The small worker has 
special structures on its legs to carry 
pollen. It has glands that produce wax 
and honey. Its stinger is short, straight 
and barbed, It can be used only once. 

The queen lacks all these special 
structures. Instead, she is adapted to 
egg laying—and may produce as many 
as 1,800 eggs a day. Her stinger is long 
and curved. It may be used again and 
again. 

In spite of the difference in appear- 
ance and function, these two types of 
female come from eggs with identical 
heredity. The difference apparently is 
environmental. If a larva that develops 
from a fertilized egg is fed royal jelly— 
a substance produced by young work- 
ers—it develops into a queen bee. The 
very same larva, fed only on pollen, 
would develop into a worker. 

The remarkable qualities of royal 
jelly have attracted the interest of many 
scientists. There is little wonder that a 
beekeeper’s son with a strong interest 
in science would choose royal jelly for 
a project. @ 


KENNETH’S PROJECT 


The composition of royal jelly varies 
with the soil fertility, climate, and the 
species of flowers. It contains 12 to 45 
per cent protein, 0.4 to 15 per cent 
fats, 8 to 29 per cent carbohydrates, 
0.7 to 4 per cent minerals, and 25 to 70 
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per cent water. It also contains small 
but important amounts of vitamins. 

An egg destined to produce a queen 
hatches into a larva which is fed so 
liberally with royal jelly during its first 
36 hours that it literally floats in it 
during the rest of its growth. 

The effects of royal jelly on the fe- 
male larva destined to become queen 
are indeed “wonder-working”! 

1. The queen larva matures in one- 
third the time required for a worker 
larva to mature. 

2. Its egg-laying organs develop com- 
pletely. 

3. Size, shape and color are changed. 
The queen’s jaws are shorter; her head 
is rounder. The abdomen of the queen 
lacks receptacles for secreting wax. Its 
legs have neither pollen brushes nor 
pollen baskets. The stinger of the queen 
is one-third longer than that of the 
worker and curved. 

4. The queen’s instinctive behavior 
is changed: she destroys her rivals. 

5. Her life span is remarkably length- 
ened. 

Would royal jelly produce related 
effects in other living organisms? To 
answer this question I began experi- 
mentation. 

Since worker bees feed on nectar and 
pollen of plants there is an intimate re- 
lationship between royal jelly and plant 
life. Would royal jelly stimulate plant 
cell growth? I experimented with several 
types of plants (with varying concen- 
trations of royal jelly), to determine its 
effect on rate of seed germination, root 
formation, stem elongation, and plant 
growth. 

In attempting to determine whether 
or not royal jelly had effects on animals, 
I also carried on controlled experiments 
with planaria and guinea pigs. 

Chemists of a large honey process- 
ing company showed great interest in 
my research and supplied me with royal 
jelly for this study. 
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Kenneth Shearon 
Kenneth experimented with royal jelly to 
determine its effect on root formation. 





Glands of the head of a worker bee. 
1. glands in the head that produce 


royal jelly 
2. royal jelly ready for use 


Kenneth Shearon 


Royal jelly is secreted by young workers. 








Experiments with Plants 


Seed Germination: | selected seven 
experimental groups, each containing 
25 radish seeds. I soaked five in 10, 
20, 30, 40, and 60 per cent of royal 
jelly in water. Another group of seeds 
was placed in 100 per cent royal jelly, 
and another in an equal volume of 
water. After soaking the seeds in the 
test solutions for ten hours, I placed 
them on saturated sheets of paper towel- 
ing between labeled glass plates. These 
were kept at 20°C. daily | 
counted the germinated seeds. 

In all experimental groups, tewet 
seeds germinated, and the period of 
germination was longer than that in the 
control group. It was very evident that 
royal jelly retarded rather than stimu 
lated germination. Since royal jelly is 
thick and sticky, it was possible that at 
very high concentrations it formed a 
coating around the seed. This would ex- 
clude the air necessary for germination. 

I repeated the test with greatly re- 
duced concentrations of royal jelly: 0.25 
per cent, 0.40 per cent, 0.50 per cent, 
(0.87 per cent, 1.00 per cent. These solu- 
tions were used for all subsequent ex- 
periments. 

I repeated the germination experi- 
ments with radish and oat seeds. Once 
again, fewer treated seeds germinated 
and the rate of germination was slower 
than that of the controls. I concluded 
that in the concentrations I used, royal 
jelly inhibits the germination of oat and 
and radish seeds. 

Root Initiation: To determine whether 
royal jelly influenced root growth, | 
planted beans (Phaseolus vulgaris) in 
a flat of sand. When the plants had 
formed a pair of simple leaves, I cut oft 
each bean plant at the level of the 
sand. I placed the cuttings in test tubes 
containing equal volumes of royal jelly 
diluted in the same dilutions used fo 
the germination experiments. I also set 
up cuttings of coleus and wandering 
jew in the same way. 

A very interesting observation was 
made. A black mold formed on the 
stems of the coleus and wandering jew 
cuttings and also on the surface of the 
solution. The amount of mold was great- 
est on those having the highest concen- 
tration of royal jelly. I concluded royal 
jelly did not possess an antibiotic spe- 
cific to this mold. 

After four weeks, all cuttings ap- 
peared healthy. There was some evi- 
dence however that royal jelly, in the 
concentrations used, inhibited root 
growth. 

Stem Elongation: In this test I 
pipetted 18 ml. of 2 per cent sucrose 
(cane or beet sugar) into nine petri 
dishes. One of these served as the con- 
trol. The royal jelly solutions were 
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Adapted from Hylander, Insects on Parade (MacMillan) 


Queen bee and worker are both females and may develop from identical eggs. If 
larva is fed royal jelly, a queen develops. Fed on pollen, larva develops into worker, 


placed in the others. The control was 
diluted with an equal amount of plain 
water. 

Working in a room illuminated only 
by red light, I cut off 6 mm. sections 
from the stems of oat, bean, and pea 
seedlings that I had previously germi- 
nated in a dark room. To obtain stem 
segments the same length, I made a 
cutting apparatus by inserting two razoi 
blades in a cork stopper so that they 
were exactly 6 mm. apart. 

1 placed ten sections, one section 
from each of ten plants, in each petri 
dish. After the dishes had been in the 
dark for 48 hours, I measured the sec- 
tions accurately to determine elongation 
and average change in length for each 
treatment. 

Results showed that there was no sig- 
nificant difference between the treated 
plants and the control, All stem 
tions were approximately 7 mm. in 
length. Again, this led me to conclude 
that royal jelly does not promote plant 
cell growth. 

Plant Growth: | planted peas in ver- 
miculite and watered them until leaves 
became visible. The plants were then 
divided into groups and each group was 
watered with solutions of royal jells 
diluted as in the previous experiments. 
One group used as the control. 
After tabulating plant growth and gen- 
eral plant health for a three-week period, 
I found no significant difference be- 
tween controls and treated plants. 

From these experiments, seed ger- 
mination, root growth, stem elongation, 
and plant growth, I concluded that 
royal jelly, in the concentrations used, 
either inhibits plant growth or has no 
measurable effect. 
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Experiments with Animals 


> 


Guinea Pigs: | purchased 3. four- 
week-old female guinea pigs, each 
weighing 6 oz. Since heredity is a factor 
in body size, animals from the same 
litter were used. I built a cage for them 


and kept all factors such as availability 
of food and water, light, and heat, and 
frequency of handling as nearly uniform 
as possible. The only variable factor 
was the dosage of royal jelly given. 
One guinea pig served as the control. 

After the pigs were marked for iden- 
tification with dye, one was set aside as 
a control and two were fed royal jelly. 
The royal jelly was fed orally with a 
pipette. For six weeks pig no. 1 re-¥ 
ceived 2 ml. royal jelly daily; pig no. 2 
received 1 ml.; and pig no. 3 was fed 
2 ml. of plain water by pipette. Daily 
records were kept of weight gain, quan- 
tity of food consumed, activity, and 
general appearance. It was very notice- 
able that the treated pigs were more 
active and ate greater quantities of food. 
This seemed to indicate an increase of 
metabolism. 

The increase in body weight, appe- 
tite, and activity may have been a re- 
sponse to the effects of the royal jelly. 

Planaria: Since planaria are known 
for their ability to regenerate missing 
parts, | conducted a set of experiments 
to determine whether royal jelly affected 
rate of regeneration. Dilutions were 
prepared as in the plant experiments. I 
sectioned each planarian transversely. 
The head ends were placed in solutions 
of royal jelly. 

Results: For the first six days the 
planaria showed little or no change. On 
the seventh day it was noticed that the 
planaria in the 0.50 per cent and 0.40 
per cent had regenerated more than 
those in the lower concentrations and 
in the water control. This led me to 
that at concentrations 

stimulates cell growth in 


conclude some 
roval jelly 


planaria. 


Conclusion 


From the various experiments on 
plants I feel that royal jelly does not 
stimulate plant growth. Experiments 
with animals led me to believe that 
royal jelly may affect animal life. 
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PROJECT: 


STUDENT: LEO CLAYTON, GRADE 10, WINNER, FUTURE SCIENTISTS OF AMERICA AWARDS 
SCHOOL: MENLO-ATHERTON HIGH SCHOOL, ATHERTON, CALIFORNIA = TEACHER: HARRY K. WONG 
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UNPOLARIZEO \ 
ee Sent CALCITE 

Science World graphic 

NO LIGHT Certain crystals are birefringent. They 

TRANSMITTED transmit two polarized beams—each in a 

different plane. If polarized beam enters, 

POLARIZED two polarized beams are transmited. 


LIGHT 


(8) 





Basic Physies (Rider) 

‘Dit show principles of polarized light. Rays transmitted by polarizing crystal 
ft) all vibrate in same plane. Analyzing crystal (right) transmits beam if its 

4 is in same plane (at top) but blocks light if at right angles to beam (below). 


Polarizer Gears Under Analyzer os 
Mechanical Stress ee 

how Leo used polarized light and birefringence to analyze 
plastic. Under stress, plastic acts as a mass of birefrin- 


polarizer (left) is broken into series of polarized beams in 
transmits some beams, even though it is at right angles to 


























Leo Clayton 
leo made photo of stressed gear with 
light transmitted through analyzer of his 
instrument—a polariscope. In black and 
white photo, the dark areas represent 
dark colors. Light areas represent light 
colors. Stressed areas occur where color 
bands are narrow and numerous. Great- 
est stress occurs where gear teeth meet. 
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By ALEXANDER JOSEPH 


Effects of Ozone 

Ozone is a rare and poisonous form of 
oxygen normally present in the air in 
minute quantities. “The Chemistry of 
Smog” (pp. 6-9) points out that smog 
has a sufficient concentration of ozone 
to cause rubber to crack, make paint 
peel, and react with other substances so 
that they deteriorate. Research into the 
destructive effects of ozone on various 
materials must begin with the construc- 
tion of an ozone generator (Fig. 1 
below). The main body of the apparatus 
consists of a plastic cylinder about two 
inches in diameter and 12 to 18 inches 
long. Ends of the cylinder are plugged 
with corks or rubber stoppers. Make a 
hole in each cork large enough to pass 
a 5/16-in.-diameter glass tube. Place 
the corks in the ends of the cylinder and 
run a #18 wire from one cork to the 
other along the axis of the cylinder. 
Connect one glass tube to a bottle fitted 
with a two-hole stopper. Ozone enters 
through one hole and leaves through 
the other, which is connected to a 
vacuum pump or aspirator. A simple 
aspirator can be made from a tube as in 
Fig. 2. It circulates the ozone gener- 
ated in the cylinder through the bottle 
in which the samples are exposed. 

An induction coil or model T Ford 
ignition coil can serve as the high- 
voltage source. One high-voltage termi- 
nal of the induction coil is connected 





In every issue, Science World II presents 
a page of project pointers. Each pointer is 
related to one of the major articles or fea- 
tures. Each of these project pointers ex- 
plores some basic concept. The concepts 
and techniques may suggest further ideas 
to get you started on a project of your 


own. 











to the wire in the center of the ozone 
generator cylinder, and the other high- 
voltage terminal is connected to the 
aluminum foil wrapped around the out- 
side of the cylinder, as shown. The 
ozone generator cylinder should rest on 
a sheet of glass or plastic to insulate it 
from the ground. The primary of the 
induction or ignition coil can be con- 
nected to a six-volt battery. In this case 
make sure that the induction coil has a 
built in interrupting device to generate 
a continuous spark. If an electric train 
transformer is used instead of the bat- 
tery, make sure that the transformer is 
set to deliver twelve volts, since it pro- 
vides A.C., while the battery provides 
D.C. The electrical discharge through 
the air between the foil and the center 
wire of the cylinder produces ozone 
from the oxygen in the air. Three mole- 
cules of oxygen (O.) yield two molecules 
of ozone (O,). 


Samples of materials to be subjected 






























































: glass or plastic tube to 
Fig. 1 2” dia. x 12” to 18” long — 
cork cork pump 
glass tube y i or 
aspirator 
Ly Sobps Z j tH -_ 
% aluminum foil * 
center covering bare copper 
wire wire 
high voltage 
(sec.) 
y 
experimental 
induction chamber 
coil aa 
i 
—* switch samples 
L~.. 6 volts D.C. or 
12 volts A.C. 














to an ozone atmosphere are placed in 
the experimental chamber. Both the 
vacuum pump or aspirator and the high 
voltage system must operate continu- 
ously during the experiment. The ex- 
periment must run for many weeks, 
Keep some control samples in identical 
bottles filled with ordinary air. 


Nitrates and Plant Growth 

If you like to work outdoors, you will 
be interested in an experiment which 
can be carried out wherever there is a 
sandy soil area. For background, see 
“Our Living Soil” (pp. 10-13). Look 
through the sandy area until you find a 
patch of healthy, growing grass. It 
should be pale in color. If there is no 
drought, the pale green color is the re- 
sult of a nitrate deficiency in the soil. 
You might take a color photo of the 
patch for later comparison. 

Divide the patch into 9 one-foot 
squares, using small wood stakes and 
string, thereby forming a larger square 
3 ft. by 3 ft. Scatter twenty grams of 
powdered sodium nitrate evenly over 
the squares. Water immediately. Use an 
untreated patch of the same size as a 
control. After a few weeks, the grass 
in the area treated with nitrate will 


show greater growth and greener color 
than grass in control area. Take another 
color photo and compare it with one 
taken at the start of the experiment. 









water tap 
Fig. 2 
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The Processes of Science 





HOW 


SCIENTIFICALLY 


DO YOU 
THINK? 


By THEODORE BENJAMIN 


RY your hand at this scientific “who- 

done-it.” But don’t spoil the fun of 
the detective story by turning to the 
end before you have tried to solve it 
yourself. Jot down your conclusions as 
you go along. When you read the an- 
swers you can judge the validity of the 
inferences you make from data, and 
find out just how scientifically you think. 

Here’s what you are to do. This is a 
series of observations on rhythmic be- 
haviors exhibited by living things. At the 
end of Observation A, where the asterisk 
appears, stop reading. Jot down your 
theory about the nature of the timing 
process that determines the rhythms. 
Then go on to Observation B. After read- 
ing it, refine or modify the theory you 
proposed. Continue to do this after each 
observation. Following the observations, 
there are questions. Answer them on the 
basis of the data contained in the ob- 
servations. Probable answers to the 
questions will be found on page 35. 

Remember, do not look at the answers 
until you have attempted to make valid 
conclusions. 

Incidentally, all the observations are 
taken from actual experiments that 
have been carried out by scientists in- 
vestigating biological rhythms. 

Observation A. There seem to be 
“built-in” rhythmic responses in all liv- 
ing things. For example, if honey bees 
are fed sugar water at a particular place 
and time for a few days, they will con- 
tinue to come back to the same place 
at the same time. They continue to 
come back for several days even when 
food is no longer provided. Now the 
unusual fact about this process is that 
this kind of time training can be accom- 
plished only on the basis of a 24-hour 
period. One cannot teach bees to feed 
at regular 19-hour intervals. Thus, this 
learning process involves, in some man- 
ner, the bees’ 24-hour rhythm.* 


Observation B: Fiddler crabs start to 
come darker in color at about sunrise 
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Fiddler crab changes color according to a rhythmic pattern. Near dawn 
crab begins to turn dark. At day’s end crab’s color begins to fade away. 


in the morning. Apparently, this change 
provides protective coloration and 
screens their delicate internal organs 
from intense sunlight. Near the hour of 
sunset, their bodies begin to blanch 
rapidly until they are a pale silvery 
gray. Fiddler crabs maintained in con- 
stant conditions of darkness in a photo- 
graphic darkroom continue to grow 
darker and lighter each day at very 
nearly the same times as their relatives 
in a natural day-night environment. This 
reaction may continue for weeks or 
months. ® 


Observation C: Most plants in their 
natural environment show “sleep” move- 
ments—a drooping of the leaves at night 
and an elevation during the day. Bean 
seedlings grown from seed in complete 
and constant darkness do not exhibit 
such movements. If, however, they are 
exposed to a light flash as brief as a 
few minutes, the single brief light 
shock will set off a persisting 24-hour 
rhythm of “sleep movements.”* 


Observation D: The rate of biological 
processes usually doubles for each 18° F. 
rise in temperature. Studies using the 
color change of fiddler crabs in photo- 
graphic darkrooms showed that through 
a wide range of temperatures, the period 
of rhythm remained precisely attuned 
to a 24-hour period. Even drugs and 
poisons, in doses so great the crabs 
barely survived, did not slow down the 
rhythms! * 


Observation E: The reef heron of 
Australia lives up to 30 miles away from 
its feeding grounds on the reefs, where 
it feeds on animals exposed at low tide. 
Each day, the bird starts on the trip 
from its roost to the reefs at just the 
proper time to take advantage of the 
low tide—50 minutes later each day.* 


Observation F: Measurement of the 
rate of oxygen intake by young potato 
plants grown under conditions of con- 


stant light and temperature showed 
daily increases and decreases that 
seemed to parallel the daily changes in 
barometric pressure. * 


Observation G: Barometric pressure, 
on the average, rises to a high at about 
10 a.m., and then falls to a low point 
in the late afternoon. The oxygen con- 
sumption of potatoes grown in her- 
metically sealed, rigid containers—in 
which temperature, pressure, and dark- 
ness were constant—was found to paral- 
lel the rate of barometric rise and fall 
which took place during the preceding 
24 hours. * 


Observation H: The cycle of oxygen 
metabolism of potatoes sealed in a con- 
stant environment follows the small 
changes in the daily background of high 
energy radiation of the day before. 
Thus, the greater the fluctuation in cos- 
mic radiation yesterday, the greater the 
fluctuation in metabolism today.* 


Questions 

1. Do you think that the timing 
mechanism lies entirely within the or- 
ganism itself? What evidence can you 
offer to support your answer? 

2. Is the rhythmic mechanism chemi- 
cal in nature? What evidence supports 
your conclusion? 

3. Is the causative agent of the 
rhythmic response hereditary? What 
leads you to this conclusion? 

4. What questions would you ask if 
you could speak to the scientists who 
made Observation D, to assure yourself 
of the validity of the experiment? 

5. What further experiment would 
you suggest as a follow-up to Observa- 
tion HP 

6. Putting together all the observa- 
tional data you have read, what con- 
clusion have you reached about the 
factor which gives rise to rhythmic be- 
havior in living things? 

(Answers on page 35) 











Long Walk 
A hiker can walk at an average speed 

of two miles per hour when going up- 
hill and six miles per hour when going 
downhill. Suppose he takes a hike on a 
mountain road which goes only uphill 
or downhill. What will be his average 
speed tor such a trip, assuming he 
finishes at the level he started? 

Jan Olen 

Brooklyn Technical H. S. 

Brooklyn, N. Y. 
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Barrel and Brain 


A man wanted to run water into a 
barrel unti] it was exactly half-full. He 
had no measuring instruments. But he 
was able to fill the barrel exactly half- 
way. What was his ingenious solution to 
his problem? 

Craig Riggins 
Harriett Lee Sr. Elementary School 
Woodland, California 
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Knotty Problem 

A farmer had a small pond on his 
farm. The pond made a perfect circle, 
100 feet in diameter. At the exact cen- 
ter of the pond, a tall pole had been 
stuck in the mud, The farmer wanted 
to knot the end of a rope around the 
pole, but his rope was only 101 feet 
long and he had no row boat. After a 
little thought, the farmer was able to 
achieve his purpose without leaving 
shore or getting his feet wet. How did 
he do it? 


Bill Schecte 
Great Neck North Jr. H. S. 
Great Neck, N. Y. 
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Do you have a favorite brain teaser? 
Send it to Science World, 33 West 42nd 
Street, New York 36, N. Y. We will pay 
five dollars for each one published. In- 
clude the name of your school, home 
address, grade, and age. 





Full House 


Mr. Brown called a restaurant to make 
reservations for dinner. “How many are 
there in the party?” asked the reserva- 
tion clerk. 

“Let’s see,” said Mr. Brown, “We 
represent a father, a mother, an uncle, 
an aunt, a sister, a brother, a nephew, a 
niece, and two cousins.” 

“Fine,” said the clerk, “then you'll 
want a table for ten people?” 

“No,” said Mr. Brown. “We are ac- 
tually much fewer.” What is the mini- 
mum number of people who could be 
related in such a wavy? 

Bob Plage 
Rutland H. S. 
Rutland, Vt. 
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Answers to Crossword Puzzle 


(see page 34) 
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The cars are safer...the roads are safer... 


the rest is up to you! 


Driving’s always fun, but a lot more so when you drive to something big. Like a school dance, or a 
weenie roast. Make sure it stays fun. Driving that car is a big responsibility and it’s all yours. The 
keys your dad gave you represent his faith in your good judgment. 

When you get behind the wheel everything is in your favor, because that’s the way cars are built. 
Features such as power steering, power brakes and excellent visibility make driving easier and safer. 
A car can do almost anything... except think... that’s where you come in. 

You’ve got to be alert on the highway. Modern roads are bigger, better and designed for traveling 
ease. Traffic moves smoothly and you can keep in step with it. But play it safe because when you take 
chances—safety stops and trouble starts. The greatest safety feature on the road is still the careful 
driver. Caution is more than a word in a slogan, it’s the way of life on the highway. So if you enjoy 
driving the family car drive it with care and you’ll be driving it often. 
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A car is a big responsibility . . . so handle it with care! 
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Gather scientific evidence with your camera. If your 
ect is meteorology, for example, use pictures to document vour 


pro}- 


observations of cirrus, nimbus. cumulus and other cloud forma- 


tions. Your own photos make any science report more complete. 


il 


Get a closer look—with pictures. The formations and colors 
of minerals hold many still-undiscovered clues to the origins of 
our planet. Take color slides of your specimens. Project them 
many times actual size on a screen for closer study, 


Photo 


Brownie Automatic 
Movie Camera, f/2.3 











light and sets lens opening 
automatically while you're 
shooting. You get every 
vital second with this 8mm 
movie camera. Less than 
$78, or as little as $8 down. 
Other 8mm Brownie Movie 
Cameras, from less than $25, 
or as little as $2.50 down. 


Prices are subject to chang 


TODAY... you can do so many things 





Built-in electric eye measures 


¢ wilhoul notice, 


EASTMAN KODAK COMPANY 





with photography 


Win honors for your photos in Kodak’s big $11,750 contest 
Pick your best snaps or slides. They can win up to $400, For in- 
formation and entry blank. write to: Kodak High School Phow 
Awards, Rochester 4, N. Y. Contest closes March 31, 
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Wear your camera wherever you go. Picture the things you Ae 
see and learn on class trips. And supplement the ‘‘study” pic- | in 
tures with snaps of your classmates. Their fun, and yours, is part We 
of the trip. Keep it in pictures. er 


sraphy is the | 


| 
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Brownie Starmatic Camera 





Adjusts exposure automatically. 
While you concentrate on the 
picture, this automatic camera 
sets its own lens. For snapshots 
or slides. Less than $30, or as 
little as $3 down. Cameras with 
built-in flash holders: Brownie 
Starflash Camera, less than 
$10; or Brownie Starmite 
Camera which uses tiny AG-] 





bulbs, less than $11. 
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TOMORROW... photography can do so many things for you 






Photo, Bell Telephone Laboratories Official U. S. Navy Photo 

0 contest. —§ Will you develop new materials or products .for industry? If you explore the far ends of the earth, some of your most 

0. For in- Then photography can be a useful tool. Here, a camera in a important ‘“‘notes” may be taken with a movie camera such as 

ool Phot : crystal-growing laboratory records the growth of a silicon this one. Used by the U.S. Navy on an expedition to the Antarc- 

1961. crystal—a material from which transistors are made. lic, it provided a visual record of terrain and weather conditions. 
I 























Official U. S. Navy Photo 
ings you Aerial photography makes accurate maps... counts the trees Modern medicine uses photography in many new and inter- 
dy” pic- § in forest surveys... serves civilian and military needs in many esting ways. For example, child psychologists often “observe” 
Ss, is part ways. Here, a Navy crew is preparing to mount an acrial cam- with a camera. And orthopedists often take pictures of young 
cra in a Navy jet, for weather observation. patients at play in order to study faulty joint articulation, 


1e| fun with a future 













i 
-amera Kodak close-up lenses and color filters 
— ae Make your camera a more versatile scientific 
atically. tool. Filters let you increase contrast, bring out 
on the more detail in a subject. Kodak Portra Lenses 
camera | enable regular cameras to make frame-filling 
apshots | close-ups of small specimens, only a few inches j 
or as from the camera. Let your Kodak dealer tell 
ras with | j , , you about these interesting scientific aids. 
ownie Use dependable : 
han STUDENTS AND TEACHERS— Has your school shown the Kodak Film— aes 
te exciting full-color Kodak movie ‘Cameras and Careers?” Suitable Kodak makes color and 
AG-1 for PTA and civic group showings, too. It’s 28 minutes, 16mm, with black-and-white film for all popular 


optical sound, loaned free of charge. Have school send request to cameras—and many special films 
Audio-Visual Service, Eastman Kodak Company, Rochester 4, N.Y. for industrial and scientific use. 


See your dealer for exact retail prices. 
ANY Roche t 4 N Y SEE KODAK'S “THE ED SULLIVAN SHOW" 
ster . » Ee AND “THE ADVENTURES OF OZZIE AND HARRIET” * 
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Electrical Conductors 
Dear Editor: 

I would like to know what percentage 
of the current in a_ solid conductor 
flows on the inside of the wire and 
what percentage flows on the outside. 
| would also like to know whether the 
resistance of a stranded wire differs 
from that of a solid wire of the same 
cross section. 

Jim Prigodich 
Barstow, California 

Answer: Current flowing in a wire is 
distributed equally throughout the wire. 
This follows from the fact that the re- 
sistance of a wire can be shown to 
be inversely proportional to its cross- 
sectional area. 

However, at high frequencies, the 
current is carried near the surface and 
the inner part of the conductor becomes 
less effective than the outside. This is 
known as the “skin effect.” 

The resistance of a stranded wire 
is also inversely proportional to its total 
cross-sectional area. The current is sim- 
ply divided among the strands. Thus, 
a solid wire and a stranded wire of the 
same material, cross section, and length 
offer the same resistance. The stranded 
wire has the mechanical advantage of 
being much more flexible. For this rea- 
son, stranded wires are used as ex- 
tension cords and in other places where 
flexibility is important. 


Pointed Question 
Dear Editor: 

Is it true that a bee dies after it once 
stings a person? 

Karen Biermann 
St. Joseph School, 
Waupun, Wis. 

Answer: Quite true, and you can be 
sure that the person was stung by a 
worker bee. Drone bees do not have 
stingers, and queen bees never attack 
man. 

Both queen bees and worker bees 
have stingers. A bee uses twenty-two 
muscles to plunge its stinger into its 
victim. But for worker bees this hurts 
them more than it hurts you. 

The stinger of a worker bee is barbed, 
like a fishhook. This prevents the sting- 
er from being withdrawn from the flesh 
of the victim. When the worker bee 
starts to fly away, the muscles attached 
to the stinger are torn from the bee’s 
body. The injury to the bee is extensive, 


and it fies away only to weaken and 
die. 

The stinger of the queen bee, how- 
ever, is smooth and curved. It is easily 
withdrawn from the victim’s Hesh. The 
victims of queen bees are only other 
queen bees. When the first queen in 
a hive hatches, she tears open the pea- 
nut-shaped birth chambers of the other 
queens and attacks them again and 
again. She establishes her leadership by 
stinging all her rivals to death. 


Size Surprise 
Dear Editor: 

Why does Saturn have such a low 
density? 

Karen Dreyer 
Southwoods Junior High, 
Hicksville, L. 1., N.Y. 

Answer: Jupiter, Saturn, Uranus, and 
Neptune are much larger than the 
other planets, but none of the four is as 
much as a third as dense as our own 
Zarth. 

Density is a measurement of the 
weight of an object per unit of its 
volume. One cubic foot of water, for 
instance, weighs 62.4 pounds. If we 
let the density of water equal 1, then 
the density of the Earth would equal 


“Today's subject deals with 
inertia, and | can think of 
no one more qualified to dis- 
cuss it than Billy Hoskins!’ 








“He can’t wait to get to the 


5.5. On the same scale, the density of 
Saturn would be less than 0.75. Thus, 
when we say that density or some other 
physical measurement is low, we reall) 
mean it is low compared to something 
else. Saturn is about 1/8 as dense as 
the Earth. This is certainly a low den- 
sity, but is it low compared to the air 
or other gases? 

At first astronomers hypothesized that 
Saturn had enough heat to keep its 
elements in gaseous form. But this 
hypothesis was discarded when ra- 
diometric measurements showed _ that 
the surface temperature is —150°C. 

A more probable explanation  sug- 
gests that the planet consists of a solid 
or liquid core surrounded by a cloudy 
ammonia and methane atmosphere. This 
atmosphere may make up as much as 
half of the apparent diameter of the 
planet. 

Thus when astronomers measure Sat- 
urn’s apparent diameter to calculate its 
volume, they may be measuring. its 
extent of atmosphere as well. Conse- 
quently, calculation of Saturn’s density 
from its volume may well result in a 
low figure, since the volume is cal- 
culated from a diameter half of which 
is thought to be low density gas. 
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Comdr. William R. 
Anderson, author 
of Nautilus 90 
North was born a 
long way from the 
sea — in Bakerville, 
Tenn. After gradu- 
ating from Annapo- 
lis, he entered the 
USN’s submarine service. Experience 
plus outstanding ability to handle un- 
usual assignments brought him the com- 
mand of the Nautilus—and the crossing 
of the geographic North Pole on August 
3, 1958. The route charted by his ship 
under the polar ice cap cuts 4,500 miles 
out of a London to Tokyo run. Anderson 
won the Legion of Merit for this feat, 
and the whole crew was awarded the 
Presidential Unit Citation, the first ever 
conferred in peacetime. 


Thor Heyerdah} 
and five compan- 
ions once set them- 
selves adrift on a 
primitive raft off 
the coast of Peru 
and floated 4,300 
miles west to the 
South Seas just to 
prove a point! The upshot of this adven- 
ture was Kon-Tiki, a book which sold 
1.5 million copies in the United States 
alone, and was translated into 51 Jan- 
guages, including Eskimo! His second 
book Aku-Aku, a December SWBC se- 
lection, is an account of his archeological 
expedition into the depths of Easter 
Island—a lonely speck in the mid-Pacific 
guarded by giant statues of an ancient 
civilization. 





Heyerdahl has only one major com- 
plaint: “(Everybody ) treats me like some 
sort of modern super sailor, like the an- 
cient Norwegian Vikings. Actually, I 
can't even drive a car.” Quite a predica- 
ment! 


CAREERS IN SCIENCE 


Watch for books which can help 
you chose your future profession. 
This month SWBC offers Navy 
Blue Book, a second selection 
on the armed forces (Air Force 
Blue Book appeared on the Sept.- 
Oct. list), crammed full of im- 
portant information for potential 
USN scientists. 
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Fantasy? Of course, but not too far off the beaten track; according to 
some marine biologists, porpoises are probably as intelligent as humans. 
Psychologists are even attempting to communicate with them, a fact reported 
by several magazines and newspapers, including the NEW YORK TIMES. 


Well, you can’t find a porpoise presi- 
dent in ScieNcE Wor.LD Book Cvs this 
month, but you can take a trip into the 
Animal Wonder World—a place where 
birds hitchhike on each other’s backs 
and fish answer telephones. Anecdotes 
galore about chickens without heads and 
hedgehogs storing fruit on their spines. 
Follow the weird and wild antics of na- 
ture using this fascinating book as your 
guide. 

And then—you're invited to blast into 
the World of Space with the men of the 
IGY. The story of the most tremendous 
project ever organized by mankind: 5000 
scientists work together and explore the 
mysteries of our marvelous globe. The 
first man-made satellites are launched 
and even the barren Antarctic is map- 
ped. Here are all the breath-taking de- 
tails behind sensational headlines. 

This month, S-F fans can take a trip 
into the Lost World. Sir Arthur Conan 
Doyle will lead you into a prehistoric 
jungle inhabited by a strange breed of 
monster. And after that, ride into man’s 
newest frontier with Moon Trip, a hypo- 
thetical account of the first excursion to 
earth’s only natural satellite. 


OTHER SELECTIONS 


e¢ The Windjammer Story takes you 
to the School of the Sea conducted by 
Capt. Alan Villiers. This is the true tale 
of teenagers who risk their lives while 
earning their sealegs. 

e Fun With Science explains impor- 
tant scientific principles through easy-to- 
do experiments. Step by step pictures 
show you just what to do. 

e Rats, Lice and History is a very spe- 
cial “biography” — the life history of 
typhus fever. In one fell swoop it pokes 
fun at science, philosophy and literature, 


and almost anything else you can name 
—yet, at the same time, it maintains a 
firm faith in man’s future. 


e Crucibles: The Story of Chemistry 
intertwines the lives of great scientists 
and their amazing discoveries. It follows 
the path of chemistry from alchemy to 
nuclear physics; you ll find the journey 
as human as it is adventurous. 


e The Birth and Death of the Sun 
traces the anatomy of matter from its 
first unit of primeval energy to its role 
in creating the universe. Professor 
George Gamow sets forth some funda- 
mental theories about the evolution of 
the world. 

So even if you can’t find a porpoise 
this month, there’s great entertainment 
in store—with the SclENCE WorLD Book 
Cxus’s 15 adventures in science fact and 
fiction. 








“Dwight (Gregory Peck) stared into the peri- 
scope. The city appeared to be undamaged: 
electric lights and neon signs burned still. 
But there were no people anywhere. It was 
certain they were all dead, and that mankind 
was dying.”—Photo from On The Beach. 























OGIENCE WORLD 


BOOK CLUB MEWS 


The World of Science — dynamic, 


ever changing — is the realm explored 


by these choice books of fact 


and fiction. Presenting 15 examples 


of science writing at its best! 





BIRTH AND DEATH OF THE SUN 


—George Gamow 


Fact and theory surrounding 
the beginnings of the universe. 
Descend to the interior of the 
sun, 20 million degrees hot. 
Travel to the supernovae, 4 
million light years away. Pic- 
tures of actual stellar explosions 
. . . diagrams of real solar re- 
actions. A famous Science 
World contributor sifts the rid- 
dles of the cosmos. 5@€ 45¢ 


aanconenenstee 






*WINDJAMMER STORY 
— Capt. Alan Villiers 


Cast off! Join the crews of the 
sharpest ships afloat — the big 
pares: semis storming the sea- 
ways of the world. Learn basic 
facts of sailing and enter Capt. 
Villiers’ School of the Sea. 
Pages of sea lore seasoned with 
a few rib-tickling legends of 
the deep. Photo-filled book in- 
spired by the movie of the 
same name. 25¢ 








*Recommended for General Science Students 


*MOON TRIP 
—William Nephew & 
Michael Chester 


If the newest frontier is the 
edge of space, its primary out- 
post will be the moon. Follow 
the crew of the first moonship 
as it plunges into the unknown. 
Journey with them and gather 
the latest scientific data. Hypo- 
thetical — yet fact-filled — ac- 
count of man’s next great leap 
into space! 25¢ 
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THE NAVY BLUE BOOK 
—Tom Compere, ed. 


Everything you want to know 
about the U.S. Navy packed 
into one great yearbook. In- 
cludes a collection of great 
naval battles and rescues at sea. 
An important encyclopedia of 
naval facts and figures cover- 
ing everything from space age 
weapons to the latest aircraft. 
Photos from official files. 374 
pages, bargain-priced. 58€ 45¢ 
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Science 
in Our Lives 


@itcMIe CALDER 









me Si ess 


R LIVE 
— Ritchie Calder 


Trace the development of sci- 
ence when sewing machines 
caused riots in Paris and X-rays 
were fought by the American 
Purity League. Follow its 
growth to bulldozers pushed 
by 150 invisible. horses, and 
fragrant perfumes derived from 
coal. Science’s startling story— 
and its impact on human affairs. 





SCIENCE IN 


35¢ 30¢ 

















THE LOST WORLD 
—Sir Arthur Conan Doyle 


Deep in the heart of the jungle, 
explorers find a prehistoric in- 
ferno crawling with Dinosaurs 
. .. Flying Monsters . . . Sub- 
Human Ape-Men. Conan 
Doyle, author of Sherlock 
inehions creates a fantastic ex- 
pedition into the dawn of time. 
Science-fiction at its very best 


..- now a hit film! 23€ 30¢ 





RATS, LICE AND HISTORY 
— Hans Zinsser 


The story of the louse and the 
bug, the germ and the nit —a 
“biography” of typhus fever. 
Here, the world of disease 
(grim as it may be) is gently 
ribbed. Medical history comes 
alive and chuckles follaw every 
line. A brilliant tale of micro- 
scopic monsters told by the 
very scientist who developed 


the typhus vaccine. 58€ 45¢ 
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AKU-AKU —Thor Heyerdahi 


Easter Island, a lonely speck 
in the Pacific. On this barren 
island men of mystery built 
ten ton stone images—and then 
disappeared. Who were they? 
How did they carve these 30 
foot giants, and move them for 
miles without machinery? An 
amazing trip into the forgotten 
past by the author of KON- 
TIKI. J8E 65¢ 
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STEREO HI-Fl HANDBOOK 
— Joseph Marshall 


Hi-Fi fans—here’s what you've 
been waiting for! The book 
that tells you all about stereo, 
including what you should 
know about the newest in loud- 
speakers, preamplifiers, pick- 
ups, tuners, and so much more. 
Plus hundreds of photos! ... 
charts! . . . diagrams! 144 fact- 
filled pages. J8¢ 65¢ 
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CHEMISTRY —Bernard Jaffe 


Witchcraft... black magic... 
and suddenly chemistry ‘s 
born! Read about Trevisan, the 
best of the ancient alchemists. 
And Dalton, the architect of 
the atomic theory. Follow the 
Curies as they discover radi- 
um. And Lawrence as he in- 
vents the cyclotron. This is the 
world of chemistry, molded 
and shaped by some of the 
world’s greatest men and 
women. 58€ 45¢ 
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ANIMAL WONDER WORLD 
— Frank W. Lane 


Truth is often stranger than fic- 
tion. . . SO is nature. Condors 
attack planes at 13,000 feet, 
and mice wedge their heads in 
mutton bones. Sharks are cap- 
tured with automobile tires, 
and the language of bees is the 
dance. Read about these and 
other amazing facts in this col- 
lection of strange animal lore. 


a 30¢ 





“THE WORLD| 
IN SPACE | 





OR FRIEND THE ATOM, Haber 

Story of the atom based on the 
Dimey TV film — a tale of 
human adventure . . . scientific 


_Joucess. Bb 30¢ 
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‘WILD ANIMALS | HAVE 

INOWN, Seton 

True stories of American wild- 
ife by a great nature writer. 
Told with affection and recog- 
tition of the harsh laws of the 
vild. 36 30¢ 

HW TO KNOW THE MINERALS 
WWD ROCKS, Pearl 

Identify ores, gems and metals 
with this guide to the mineral 
kingdom. Color illustrations. 
1) line drawings too. 


NGHSPEED MATH at 
SLETAUGHT, Meyers 
t your grades with more 
curate math work. Solve 
*emingly complex problems 
without paper and pencil! 
ABE 45¢ 


WILDHOOD'S END, Clarke 

They brought peace and pros- 
tity to earth—but their goal 
Ws the gradual elimination of 
man. $-F novel about man’s 


hture, 360° 30¢ 





LAST CHANCE 
TO ORDER offer! Don’t miss out! 


*IT’S AMAZING CHESS IN A NUTSHELL, Reinfeld | (_] 45. 
Why do birds have feathers? Practical introduction to the | [] 46. 
How do fish breathe? Here are “royal” game. Complete with | [7] 47. 
answers to these and other in- rules, regulations and dozens C48 


trigung questions in easy-to- of diagrams. 36¢ 30¢ 7 49 


*Recommended for General Science Students 


NAUTILUS 90 NORTH 
—Comdr. W. R. Anderson, USN 


True story of the first voyage 
under the Arctic ice pack — 
told by the actual skipper him- 
self. All the danger, all the ten- 
sion recreated just for you. Join 
the atomic sub as it glides 
within a hairbreadth of de- 
struction. Sail with the coura- 
geous crew as they dive into 
the waters of everlasting night. 
A truly gripping adventure. 


5O¢ 45¢ 
bap Ss 


“NAUTILUS. 
90 NORTE 


WRUAM SE AROERION bc 5 






THE WORLD IN SPACE 


An up-to-date report on the recent International Geophysi- 
cal Year. Tells of the findings of more than 5000 scientists 
from 64 nations. Major earth phenomena studied simul- 





*FUN WITH SCIENCE 
—Mae and Ira Freeman 


You can do it! — suspend a fork 
in mid air. You can watch it! — 
a box rolling up hill. Want to 
curve light? Or see atoms split- 
ting up? This book shows you 
how. It explains jet action, and 
how a boomerang works. Easy- 
to-do experiments _ illustrate 
important principles in science. 


25¢ 








ON THE BEACH 


— Nevil Shute 


A group of ordinary people 
live at the brink of death, the 
last survivors of a devastating 
nuclear war. A phenomenal 
best seller and a major mo- 
tion picture. One of the most 
thought provoking novels you 
will ever read. Includes four 
pages of scenes from the star- 


studded movie. 58€ 45¢ 





ORDER COUPON FOR 


—Alexander Marshack 


taneously from all parts of the globe: sun spots and 
satellites, sinking continents and melting ice. Illustrated 36 


with official photos and diagrams. 36€ 30¢ 


understand terms. 25¢ 


50 
FBI STORY, Whitehead (OO 
HUNTING WITH THE MICROSCOPE, To ie it of the FBI — 


the only authentic story of the 


Johnson & Bleifeld 
Detect fingerprints and forged 


Fy 43. 
Cy 4. 


DEC. SELECTIONS 


Fill in coupon, fold and tear along dotted 
lines. Then give coupon to teacher or class 
treasurer, with amount of money in TOTAL. 


DEC. TITLES 


. Science in Our Lives—30¢ 


C37. 
ry 38. 


39. 
Take one last look at the books listed below. . 40. 


Final call on these 15 titles which appeared CT] 41. 
in your November ScreENcE Wor.LpD Book CLuB [] 42. 


The Lost World—30¢ 

Birth & Death of Sun—45¢ 
Moon Trip—25¢ 

Rats, Lice & History—45¢ 
Stereo Hi-Fi Handbook—65¢ 
Windjammer Story—25¢ 
Navy Blue Book—45¢ 
Aku-Aku—65¢ 

Story of Chemistry—45¢ 
Animal Wonder World—30¢ 
Nautilus 90 North—45¢ 


. Fun With Science—25¢ 
. On the Beach—45¢ 
. The World in Space—30¢ 


NOV. TITLES 


. Our Friend the Atom—30¢ 

. Animals I’ve Known—30¢ 

. Minerals and Rocks—45¢ 

. Math Self-Taught—45¢ 

. Childhood’s End—30¢ 

. It’s Amazing—25¢ 

. Hunting W’ Microscope—90¢ 


Satellites, Rockets—30¢ 


. Alone—30¢ 

. And There Was Light—65¢ 
. Chess in a Nutshell—30¢ 
. The FBI Story—45¢ 

. History of A Candle—85¢ 
. Dead Sea Scrolis—45¢ 

. Madame Curie—45¢ 





AND THEN THERE WAS LIGHT, Thiel She passed like a stranger 
Fascinating history of astrono- through her own life. Written 


my and record of man’s search with a daughter’s tenderness | 
for the answers to his own ex- and insight. 56€ 45¢ 


sas , ld’s most famous, most sci- | [21 
handwriting . . . collect speci- < , 
mens .. . prepare slides. This entific policy agency. 50¢45¢ | [] 22 
book will probably give you CL) 23 
“microscopitis” for life. CHEMICAL HISTORY OF A (] 24 
$160 90¢ co aeaty: , $F 3s 
e mystery of fire—from pine | 
SATELLITES, ROCKETS AND torch to paraffin candle. By one | CI = 
OUTER SPACE, Ley of the great pioneers of modern |! O 
Up-to-the-minute survey of chemistry. S8¢ 85¢ ; 28. 
rocket and space travel devel- | 29 
opments. Plus predictions ON MEANING OF THE DEAD SEA : [) 30 
space travel. Not to be missed! gepgits, Davies 1A 
BEE 306 What does the greatest archeo- | fC 32 
ALONE, Byrd , logical discovery of our age | 33 
An antarctic explorer survives mean to established religions? | C) 34 
five months of sub-zero temp- Scholarly interpretation. CO 
eratures in utter isolation. secase | () 38 
Called “an epic of man against 
a er MADAME CURIE, Curie | Name 
' 
t 


istence. JB¢ 65¢ 
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Do not mail this coupon. Use 
Order Form in Teacher Edition. 











Mechanics of Solids 


By Paul Ramshaw, Concordia Preparatory School, Bronxville, N. Y. 
* Starred words refer to effects of force on matter and motion 


/ z 


Students are invited to |// 
submit original crossword 


‘or 
in Science World. $ 
Each puzzle should be 
built around one topic 
in science, such as as- |20 
tronomy, botany, geolo- 
Y, space, electronics, 
amous scientists, etc. 
Maximum about 50 
words of which at least 
10 must be related to 
the theme. For each puz- 
zle published we will 
pay $10. Entries must in- 
clude symmetrical puzzle 
design, definitions, an- 
swers on separate sheets, 
design with answers 
fill in, and statement 





by student that the = 
zle is original and 
own work. Keep a 7 
as puzzles cannot be re- 
turned. Give name, ad- 
dress, school, and grade. 
Address Puzzle Editor, 
Science World, 33 West 
42nd Street, New York 
36, New York. Answers 
to this puzzle are on 
page 26 


. Simple machine. 
. Progressively diminished amplitude 
(said of oscillations). 

11. Argon (chemical abbr.). 

12. To be, second person sing. and pl. 

13. Pointed tool. 

14. Second note in diatonic scale. 

15. This produces friction. 

17. Hand covering. 

19. Micah (abbr.). 

20. Continent forming land mass with 
Europe. 

22. Short narrative poem. 

. Unit of force, equal to 1/980 gram. 

24. Doctor of Veterinary Medicine 
(abbr.). 

26. Japanese herb. 

27. Sixteen ounces (abbr.). 

28. Unit of force needed to give a mass 
of 1 kilogram an acceleration of 1 
meter per sec.” 

31. Rhenium (chemical symbol). 

32. And so forth (abbr.). 

33. Fourth continent in size. 

84. Ratio of circumference to diameter. 

35. Often seen in the company of wide. 

36. Lutetium (chemical symbol). 

. Devices projected into air. 

40. In the U. N., a rare Russian word. 

. Branch of mechanics dealing with 

motion produced by forces (abbr.). 

42. Total. 

44, Butter made in India. 

46. Bachelor of Dental Surgery (abbr.). 

48. Indonesian island. 

50. Record (abbr.). 

. Unit of energy equal to 107 ergs. 

58. “Go rolling down to 

54. Argon (chemical abbr.). 

55. Girl’s name. 

56. City in Oklahoma, 

eee 

. Mechanics is ~~ of Y ifocts of forces 

on matter, and of _______. 

. Designed to produce mechanical en- 

ergy from other kinds of energy. 
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* 1. A problem in composition of forces 


7 40 


4 





can be solved by forming one. 


. Extinct long-horned wild ox. 

. Lanthanum (chemical symbol). 
. Unit of work or energy. 

. Shout. 
. English chemist who formulated the 


laws relating friction and heat. 


Reverence, 


8. 10-3 liters. 


9. 
"10. 
16. 
18. 
19. 
21. 
23. 
25. 


Emerald Isle. 


Produced by braking forces. 


Offer as a price. 


Kiln for hops, malt, or tobacco. 
Combining form meaning muscle. 


Aviation (abbr.). 


Doctor of Dental Surgery (abbr.). 


Subatomic particle found in cosmic 


radiation. 


26. Dynes are cgs. 


45. 


to raise water by air. 


of force. 


. Women’s Army Corps (abbr.). 
. Old form of open. 
. Unit of absorbed radiation dose. 
. Cereal plant. 

. African antelope. 

. Undersea boat. 

. Decigram (abbr.). 
3. Mark or spoil. 
Greek scientist who invented device 


. Capital of West Germany. 
. Heavy impact. 
. Prevaricator. 

. John (abbr.). 
. Former name of Tokyo. 

. South American sloth. 

. Preposition showing where or when. 
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Disease Fighter 

(Continued from page 20) fe 
mortality (death) rate would providef 
an accurate index of increase or de- tl 
crease of resistance resulting from the e 
experimental diets. The mice were in- 6 
fected in a special airtight chamber) , 
Bacilli were sprayed into the chamberf> , 
by means of an attached atomizer. Thef gq 
animals inhaled the bacilli, and were) , 
infected as a human being would be. ja 

Several weeks elapsed before the re- pe 
sults could be evaluated. Dr. Dubos js 
found that out of the second group-| _,, 
those that received the diet containing) 4 
gluten as the protein—seven of the ten} ,, 
had died. The first group, which had | ie 
received the regular, balanced labora-| 
tory diet, had a mortality rate of only | 
two. Of the third group, the mice that | - 
had received the animal protein diet, | 

j m 
only one was dead. “There is no doubt,} ,, 
therefore, that a good protein nutrition | pa 
increases resistance to tuberculosis,” th 
Dr. Dubos concludes. 

Other protein experiments showed | e 
similar results. Groups of mice given | e 
casein-supplemented diets, in propor: | ” 
tions of 20, 8, and 5 per cent, all gained | 
approximately the same amount of 
weight. But, when infected with the 
disease, the group on the 20 per cent) ew 
casein diet showed a higher survival} inc 
rate than the mice fed on the 8 per cent) Dx 
or 5 per cent diets. This survival ratio | the 
could not have been predicted from the} tw 
growth rate. To Dr. Dubos this demon-} fo, 
trated that the diets which maintain} yj, 
good rates of growth are not neces-f ctr; 
sarily those best suited for resistance to} dis 
infection. b per 

Quality of Protein Important | Ph 

The research group also found that| re 
it was not merely the quantity of pro-| },, 
tein but also the quality that could) 4, 
influence resistance to the disease. Even I 
with high concentrations of protein,) .,,, 
resistance could be decreased when one a 
or more of the essential amino acids all 
were lacking in the diets. On the other al 
hand, resistance was high when the will 
animals were fed a synthetic diet con-| dee 
taining an amino acid pattern similar} oa 
to that present in natural casein. “It} = 
appears, therefore, that the proper bal- Be 
ance of amino acids is even more im) .°~ 
portant than their total amount in . . 
determining resistance to infection,’ ne 
suggests Dr. Dubos. Pi 

But tuberculosis occurs even in areas aan 
where people eat proper diets and have) “"™! 
enough fresh air and sunshine. “Foody **% 
is not the only factor,” explains Dr.§ —_ 
Dubos. “There are many other things) “#Y 
that can activate tuberculosis. Some of tl 
people may become ill with influenza) goal 
or other virus infections, and then) ™& 

SCIENCE WORLD) 
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tuberculosis may flare up. Others worry 
or work too hard, and they, too, may 
contract the disease.” 

In order to study the effect of psy- 
chological stress on susceptibility to 
tuberculosis, Dr. Dubos set up another 
experiment. In it he used two groups 
of mice. “The first group was fed a 
well-balanced diet, but they received 
only a very small amount of it every 
day,” he explains. “Their food intake 
was restricted. The other group re- 
ceived a rich diet and they could eat 
as much of it as they wanted.” The 
second group gained weight much more 
rapidly than the group kept on the re- 
stricted diet. Two days before exposure 
to the tubercle bacilli, however, the 
second group was deprived of food 
entirely. 

If nutrition were the sole factor in 
resistance to tuberculosis, the fatter 
mice on the rich diet would be expected 
to be much more resistant to the dis- 
ease. However, Dr. Dubos found that 
the exact opposite was true. The sec- 
ond and heavier group died more rapid- 
ly of the disease every time he per- 
formed the experiment. 


Emotional Stress and Disease 


This finding clearly demonstrated that 
emotional stress and disturbance may 
increase susceptibility to tuberculosis. 
Dr. Dubos explains it this way, “When 
the fat mice were deprived of food for 
two days, it was a shocking experience 
for them. In contrast, the thin, underfed 
mice were well-adjusted to their re- 
stricted food intake. They were not 
disturbed. And this is exactly what hap- 
pens in humans. Time and time again, 
physical and mental disturbances oc- 
cur in an individual’s life. These dis- 
turbances change the chemistry of the 
body and can increase the activity of 
the tubercle bacillus.” 

Dr. Dubos doubts that tuberculosis 
can ever be completely eliminated. “For 
one thing, it is impossible to remove 
all the germs of disease from the world, 
and, therefore, the danger of infection 
will persist. It is true that under normal 
circumstances we can hope to achieve 
some kind of equilibrium with the 
germs of disease—a sort of peaceful 
coexistence. But upsets will occur, and 
it is then that disease appears. These 
views are not entirely theoretical, for 
they influence what scientists can do to 
combat disease. Some try to develop 
drugs that will attack the germs of dis- 
ease, Others try to develop vaccines for 
immunization. Still others try to develop 
ways to increase the general resistance 
of the body to disease. It is toward this 
goal that I and my colleagues are work- 
ing.” 

—FRaNces GUDEMANN 


1960 
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Processes of Science 
(Continued from page 25) 


Answers 

Questions 1-3. If you answered ques- 
tions 1 to 3 with an unqualified and 
definite yes or no, you had better read 
the passage again. The best you can do 
in the light of the data given, is state 
the probability of the truth of a par- 
ticular answer. In questions 1-3, the 
evidence would seem to suggest that no 
is the best answer. 

Here we learn one of the cardinal 
principles of the scientific method. 
with all conclusions in science, the 
answer we give is purely tentative, and 
must be constantly re-examined in the 
light of new data. 

Question 4. There are many questions 
you might ask. They would concern the 
accuracy and correctness of observa- 
tions, data, and whether making the 
observations interfered with the experi- 
mental animals, etc. The most impor- 
tant questions relate to the use of con- 
trols: How many times was the experi- 
ment performed, and with how many 
individual animals? Over how long a 
period of time was it performed? Had 
the experiment been tried in several 
different places on the Earth’s surface? 

Question 5. You might suggest using 
artificially produced high intensity radi- 
ation and noting its effect. 

Question 6. If you have come up with 
an answer, you have solved one of the 
greatest mysteries of modern science 
and deserve a Nobel Prize. 

It is probable that organisms do not 
possess within themselves uncannily ac- 
curate clocks capable of independently 
measuring time intervals such as the 
year, the lunar month, or the day. Or- 
ganisms—even under what we call con- 
stant conditions—are probably continu- 
ously receiving information from the 
external environment. This information 
may be radiation at energy levels so 
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low that we have hitherto considered 
the organism completely oblivious to it. 
It may, indeed, be a type of radiation 
which is unknown to us, just as radio 
waves were unknown 150 years ago. 
The detective in a mystery novel al- 
ways identifies the culprit and brings 
him to justice. The scientist, by separat- 
ing the relevant from the irrelevant, can 
at best, zero in on the culprit. Even 
when the scientist brings a fugitive an- 
swer to justice, there is frequently still 
a reasonable doubt as to “who done it.” 





SCIENCE & MATH BARGAINS 


Order by Stock No. — Send Check or M.O. 
Satisfaction or money back! 





NOTICE!! 
Edmund is headquarters for Science 
Project materials. Send for FREE Bul- 
letin 247AK titled “YOUR SCIENCE 
PROJECT.”’ Gives many hints on how 
to —_. _your Project an AWARD 
WINNEI 





SCIENCE TREASURE CHESTS 


For Boys — Girls — Adults! 






Excellent ‘‘Science Fair’’ Material! 
y Science Treasure Chest — Extra- 
ill powerful magnets, polarizing filters, 
3 compass, one-way-mirror film, prism, 
ar diffraction grating, and lots of other 
F items for hundreds of thrilling ex- 
periments, plus a Ten-Lens Kit for 
making telescopes, microscopes, ete. 

Full instructions included. 
WOOK: THR. FO TIR ccc ccvcescces $5.00 Postpaid 
Science Treasure Chest DeLuxe Everything in 
Chest above plus exciting additional items for more 
advanced experiments including crystal-growing kit 
electric motor, molecular models set, first-surface 

mirrors, and lots more 

Stock No. 70,343-AK......... -- $10.00 Postpaid 


Bargain! 3” Astronomical Telescope 


See the stars, moon, planets close up! 60 to 180 
power—famous Mt. Palomar Reflecting type. Un- 
usual Buy! Equipped with Equatorial mount; finder 


telescope; hardwood tripod Inc luded FREE 
STAR CHAR ; 272-page ‘HANDBOOK OF 
HEAVENS" ; “HOW TO USE YOUR TELE- 

SCOPE” BOOK. 

Steck Ne. 85,050-AK.........00. $29.95 Postpaid 


Write for FREE CATALOG-AK 

128 Pages! Over 1,000 Bargains! 
America’s No. 1 source of supply for 
Science Students, hobbyists. Com- 
plete line of Astronomical Telescope 
parts and assembled Telescopes 
huge selection of lenses, prisms, war |‘ 
surplus optical instruments, parts 
and accessories. Telescopes, micro 
scopes, binoculars science experi- 
ment items, math learning and 
teaching aids 


REQUEST CATALOG-AK 


EDMUND SCIENTIFIC co., 


Barrington, N. J. 


















THE 


THE STORY OF 


(author of Vanguard!) 


ASTRONAUTS 


PROJECT MERCURY 
by Martin Caidin 


Here, at last, is the full-length 
story of the seven astronauts now 
being trained for man’s pioneering 
flight into space. Clearly and dra- 
matically the author describes the 
takeoff, the flight itself, and the re- 
turn to Earth. He tells how the 
astronauts were selected and what 
their preparation is; included too 
are fascinating chapters on the use 
of animals in space research and a 
short history of the Atlas program. 
A thrilling, vivid picture of the 
20th century’s greatest scientific 
and human adventure. Photos and 
drawings. $3.95 
At your bookseller, or write 
E. P. DUTTON & COMPANY 
300 Park Avenue South, N.Y. 10 
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Asan tase eas oul? neve GENERATORS ? | ° 


THEY'VE GOT SOMETHING BETTER, 
BILL —- WE CALL THEM 


ALTERNATORS / 










AUTOMOTIVE ENGINEER JOHN OTIS GIVES BILL WEAVER f 
THE LOWDOWN ON THE AMAZING NEW ALTERNATOR 7 
—- EXCLUSIVE ON THE I961 CARS FROM 

CHRYSLER CORPORATION AT NO EXTRA COST 











































“The battery 
charges even 
when the engine 
is idling, Bill. 


Even with the radio and heater on. 
That's where Chrysler Corporation's new 
Alternator has it all over the generator.” 






“With a 
generator, 
the battery drains 



















THAT SURE 
OUGHT TO CUT 
DOWN ON BATTERY 
PROBLEMS, MR. 
otis / 





when the car is stand- 

ing still in traffic. (With 

today’s traffic, that's usu- 

oa = ally about 25% of the 
Right, Bill. time.) But the Alternator keeps 

Because the battery delivering power—up to 10 

stays at peak full amps, when the car's idling. 































efficiency, you get 

faster starts on those 
._ cold winter mornings 
—=  —makes the battery 





















WHY NOT TELL DAD ABOUT 
THE ALTERNATOR ?- AND ASK 
HIM TO STOP IN AT YOUR 
DEALERS WITH YOU. LETA 
DRIVE BRING OUT THE DIFFERENCE 
















“Police cars and buses 
have paid many dollars extra 


to get special alternator systems 








installed. Yet the new Alternator is GREAT ENGINEERING MAKES / C 
standard equipment—no extra 
cost—in Chrysler Corporation cars.” 
Cc ti | 
orporation | 
Serving America’s new quest for quality De 
PLYMOUTH VALIANT ¢« DODGE DART LANCER N 


DE SOTO CHRYSLER IMPERIAL 












) BAROMETERS 
2 





No. 226B DOVER 
Wall Model—-$7.50 






f 
' 
| 
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No. 220 HIGHLANDER 
Desk and Wall—$10 
| 








No. 211 
Hanging type—$16 


COMPASS 


No. 89 
} Demonstration Compass—$2.95 
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No. 506A PRINCETON 
Desk Combination—$10 


Hygrom.-Therm.—$3.95 


Sees eeeseeeseeeeeesaseeseeesseae 


No. 106 ROVAL No. 109 HOLIDAY 
Hygrom.-Therm.—$2.50 


HYGROMETERS 
















INSTRUMENTS 


Valuable and dependable equipment 
FOR SCIENCE TEACHING 


Barometric pressure, temperature, relative humidity and magnetic force 
are basic factors in teaching science and call for specific basic equip 
ment. 


BAROMETERS to measure atmospheric pressure and demonstrate: 
its relation to weather—how it forecasts weather changes—how it may 
affect human physical and mental react ons—how it is a factor in certa n 
scientific experiments. A:'rgu'de Barometers are sensitive to the slighest 
atmospheric pressure changes, easy to read and built for long and 
dependable service. 


HYGROMETERS to measure the per cent of moisture in the air and 
demonstrate: the relat:on of relative humid ty to temperature and how 
this affects personal comfort—how relative humidity affects such proc- 
esses as rust, rot and mildew—how, when controlled, re!at:ve humid :ty 
can perform valuable service in helping to maintain desired physical and 
chemical condit’ons of many products and materials. Because relat.ve 
humidity and temperature are so closely related, Airguide offers several 
models in Hygrometer-Thermometer combination. 


THERMOMETERS to measure air temperature and demonstrate: its 
effect on many physical and chemical processes. Note particularly Air 
guide remote read ng Model 407 which is mounted indoors but shows 
both indoor and outdoor temperatures. A!so the remote reading Model 
411 which is also mounted indoors and shows maximun and minimum 
outdoor temperatures over any desired time period. (May also be ued 
for indoor maximum and minimum temperatures if desired.) 
COMPASS to indicate location and direction of magnetic foree—most 
convenient: and valuable when conduct:ng magnetic experiments and 
demonstrations. Airgu.de Model 89 Demonstration Compass is ideal for 
laboratory class work. It is light in weight with dome type dial wh'ch 
affords maximum readability. Liquid-filled and damped, wth powerful 
Alnico V magnet it gives steady accurate readings without flutter. 

For complete informat’on on these and many other useful Airguide 
Instruments. call your laboratory supply house . . . 


OR WRITE 
AIRGUIDE INSTRUMENT COMPANY 
2210 WABANSIA AVENUE 


Prices CHISAGO 47 ILLINOIS 


shown 
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No. 402 
Outdoor 
Therm. 
$2.50 





THERMOMETERS 


No. 406 WINDOW 
Outdoor 









No. 101 ETON 
Hygrom.-Therm.—$5 






No. 605 
Wail Hygrometer—$6 








No. 407 , 
Indoor- Boo-| 
Outdoor § 

$5 





No. 411 
Maximum 
Minimum 


$12 








Therm. 
$2.95 

















WEATHER WATCHERS 


— 





WEATHER COVERS 
THE SCIENCE SPECTRUM 


“The multitude of scientific problems that 


tne atmosphere has to offer . . . range all 
the way from grass roots through the tropos- 
phere, the the 
and further to the tenuous border toward 


the words of 


stratosphere, ionosphere, 


empty space.” These are 
Sverre Petterssen, President of the American 


Meteorological Society. 


Are you giving your science classes an 
opportunity to particinate in the fascinating 
fields of weather, meteorology, climatology, 
the broad spectrum of physical science? 


One of the best ways to stimulate inter. 
est, equate classroom effort to physical hap- 
penings, and create awareness of the career 
opportunities in this field, is the establish- 


ment of a weather observatory in your 
classroom or school. 
White ‘Weather Watcher” instruments— 


Wind Speed Indicator ($64.50), Wind Di:ec- 
($84.50), 
$49.50—are the keystone of such an obser- 


ticn Indicator and Barometer 
vatory. Of highest quality and precision 
yet rugged and reliable, they are moder- 
ately priced to fit your budget. In most 
states they are approvable for reimburse- 
ment under the Title Ill N.D.E.A. program. 


Write for descriptive literature, tree list- 
ing of teaching aids and source material, 
and helpful hints on obtaining state tunds. 


Educational Department 


WILFRID O. WHITE & SONS, INC. 


184 ATLANTIC AVENUE, BOSTON 10, MASS. 


Manufacturers of Quality Instruments 
for over 50 years 
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Demonstrations 
(Continued from page 3-T) 


Photographing Cesmic Rays 

There are several ways in which sec- 
ondary cosmic rays can be observed. 
Their tracks can be seen in a cloud 
chamber (see “Diffusion Cloud Cham- 
ber,” Science World, Sept. 28, 1960, p. 
25) and their presence detected by 
means of a Geiger counter or a scintil- 
lation counter. The counting tubes 
should be completely covered with 4- 
inch sheet lead, which stops all radia- 
tion except cosmic rays. 

Scientists use film in their study of 
cosmic rays. The film is a special type, 
with a much thicker layer of emulsion 
or l:ght-sensitive material than that used 
in ordinary film. Layers of film are 
placed one on top of the other in what 
is known as a “stack.” The fi!m stack is 
then carried to a high altitude by bal- 
loon. After the film is developed, the in- 
dividual layers are pasted side by side 
to show the path taken by the cosmic 
rays as they passed through the layers 
of film. By examining ‘he thickness and 
length of the tracks through a micro- 
scope, cosmic ray specialists can deter- 
mine what kinds of particles passed 
through the film. 

If you can secure a package of Kodak 
Nuclear Emulsion film (to be purchased 
directly from Eastman Kodak Company, 
Rochester, N. Y.), you may be able to 
get a picture of the disintegration of a 
nucleus by a cosmic particle. To get 
such a picture, you would have to leave 
a sheet of film in a lightproof covering 
for a month. It should be in some high 
place where it would not be affected y 
natural radioactivity from minerals in 
the ground, The roof of a tal] building 
is a good place to try. The covered film 
should be enclosed in a _ waterproof 
wrapping to protect it from the rain. 
Develop the film according to the direc- 
tions supplied with it. After the film has 
dried, you will have difficulty in seeing 
any picture at all. However, if you ex- 
amine it under a microscope, you may 
be rewarded with the sight of a star or 
burst where an atom disintegrated. 


Experiments with Inse<!s 

The biology teacher will find a literal 
“hive” of demonstration material and 
ideas for student projects in 101 Exper- 
iments with Insects, by Dr. Hans Kal- 
mus, published this week by Doubleday 
& Co., at $2.95. Dr. Kalmus is an inter- 
nationally recognized authority on ani- 
mal behavior, and some of his experi- 
ments have become classics in the liter- 
ature. Following is an excerpt from his 
new book. 


Training Bees 


Animals and apparatus: Blue paper: 
petri dish; knitting needle (nonmetal); 
honey and sugar solutions. 

On a bright day, when bees are out 
foraging, a piece of blue paper about a 
foot square is smeared with honey and 
then displayed near the site where the 
training is to take place. The paper 
should be inspected at hourly intervals 
until some bees are found sitting on it 
and licking the honey. When this has 
happened, the blue paper can be re- 
moved. It is replaced by another piece 
which has not been smeared with honey, 
but on which a petri d’sh is placed con- 
taining a mixture of equal parts of 
honey and water. After some bees have 
used to this food, further 
changes in the composition of the food 
can gradually be introduced. For in- 
stance, the honey can be replaced by 
sugar solution. 


become 


Sometimes the blue-paper method 
not work and a more laborious 
method is required. For this the tip of 
a knitting needle (not made of metal) 
is dipped into a solution of equal parts 
of honey and water, so that a small drop 
clings to the tip but otherwise the 
needle remains clean. Flowers, or pref- 
erably flowering shrubs, on which bees 
are collecting are approached with this 
implement, and the drop on its tip is 
brought near to a bee’s proboscis when 
she is either sitting on a flower or is try- 
ing to get into one. When the bee be- 
gins to lick the honey, the needle is 
slowly withdrawn so that she follows it, 
and an attempt is made to induce her 
to sit on the needle while sucking the 
honey. When this haprens, the needle 
is put down gently on the experimentz! 
table or elsewhere and 1. ft alone. The 
experimenter then takes one or two 
steps back and watches the bee. 


does 


The attempt is successful if the bee, 
before flying away, is observed to circle 
around the needle or possibly even to 
settle down again. In this case, she will 
come back after a few minutes; and 
other bees from the same hive, which 
have been interested by the first bee’s 
typical dancing movements, may soon 
follow. Once a few bees have become 
accustomed to the feeding place, they 
show great constancy to it; and if enough 
honey solution is supplied, the difficulty 
will not be that too few bees come, but 
that there are too many. This can, how- 
ever, be checked by various means. The 
solution can be made more dilute; or 
it can be made more difficult of access 
by filling the petri dish with clean sand 
soaked with the syrup. If bees from two 
hives are trained to come to such a 
dish, fighting will ensue between the 
two d‘fferent groups. 


SCIENCE TEACHER‘’S WORLD 





eee = 


ee 


sio 
pre 


yaper: 
etal); 


re out 
out a 
y and 
e the 
paper 
2rvals 
on it 
s has 
e re- 
piece 
oney, 
con- 
ts of 
have 
rther 
food 
r in- 
d by 


thod 
rious 
p of 
tal) 
darts 
drop 
the 
yref- 
bees 
this 
p is 
hen 
try- 
be- 
e is 
s it, 
her 
the 
od]o 
nti] 
The 


two 


ee, 
rcle 
| to 
vill 
ind 
ich 
e's 
yon 
me 
ey 
gh 
Its 
ut 
w- 
he 
or 
SS 
nd 
vO 
a 
ne 





Space Age Films 
(Continued from page 1-T) 


color or B&W, Delta) includes a discus- 
sion of the reasons for the earth satellite 
program, Satellites: Stepping Stones to 
Space® (17% mins., color or B&W, Film 
Associates) presents basic concepts with 
a study of Explorer I. Rockets: Princi- 
ples and Safety’ (11 mins., color or 
B&W, also Film Associates) outlines 
basic scientific principles and lays heavy 
stress on the all-important need- for 
safety precautions for rocketry ama- 
teurs. Earth Satellites: Explorers of 
Outer Space® (17 mins., color or B&W, 
Encyclopaedia Britannica) adds a dis- 
cussion of future possibilities to basic 
principles. Rockets: How They Work® 
(16 mins., color or B&W, also EBF) 
gives good basic data for upper elemen- 
tary and some junior highs. 

Good filmstrips include: Rocket 
Power for Space Travel (35 frs., color. 
“Airplanes, Jets and Rockets Series,” 
SVE); Earth Satellite: Man-Made Moon 
(color, McGraw-Hill); Rocket to the 
Moon (color, General Science Series, 
McGraw-Hill). Jam Handy soon will re- 
lease a new series, Space and Space 
Travel (color, 30 frs. each), to present 
scientific concepts and the problems 
confronting man in space. 

The Earth and Its Moon Series® (6 
color filmstrips, Films for Education) 
studies the Earth as an astronomical 
body, as a planet, and as man’s home. 

For senior high groups interested in 
advanced information and more detail, 
try the series offered by NET: The 
Coming Space Age, Frontiers to Space, 
and Doctors in Space. 

Coming Space Age deals with mili- 
tary and civilian uses of rockets, includ- 
ing potential communications systems. 
Frontiers to Space covers fundamentals 
of rocketry and jet propulsion. Doctors 
in Space deals with space medicine. 





SOURCES: Contemporary Films, 267 W. 25th 
St., N. Y. 1, N. Y.; Delta Fiim Productions, 7238 
W. Touhy Ave., Chicago 48, Iil.; Walt Disney 
Productions, Educational Films Division, 2400 W. 
Alameda Ave., Burbank, Calif.; Educational 
Testing Service, 20 Nassau St., Princeton, N. J.; 
Encyclopaedia Britannica Films, 1150 Wilmette 
Ave., Wilmette, Ill.; Film Associates of Cali- 
fornia, 1104 Santa Monica Blvd., Los Angeles 
25, Calif.; Films for Education, Audio Lane, 
New Haven, Conn.; Jam Handy Organization, 
2821 E. Grand Bivd., Detroit 11, Mich.; McGraw- 
Hill Book Co., Text-Film Dept., 330 W. 42nd 
St, N. Y. 36, N. Y.; Modern Talking P:cture 
Service, 3 E. 54th St., N. Y. 22, N. Y.; NET Film 
Service, Audio Visual Center, Indiana Univ., 
Bloomington, Ind.; New York Times, Office of 
Educational Activities, Times Square, N. Y. 36, 
N. Y.; Prudential Insurance Co. of America, 
Prudential Plaza, Newark 1, N. J.; SVE (Society 
for Visual Education), 1345 Diversey Pkwy., 
Chicago 14, Ill.; United World Films, 1445 Park 
Ave. N. Y. 29, N. Y. 
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MAKE LEARNING 
AND TEACHING 
MORE EFFECTIVE 


.». THROUGH 
VISUALIZATION... 
















WITH NEW McGRAW-HILL 
SCIENCE FILMSTRIP LIBRARY! 
FREE! VIEWLEX PROJECTOR*($97.50 Value) 


Now, a single budget-boosting purchase saves you a full $97.50 and gives your Science pro- 
gram genuine continuity . . . CONTINUITY that can make the difference between entertaining and 
teaching with filmstrips. 

In each McGraw-Hill General Science Filmstrip Library, learning and teaching are linked, step 
by step, to appropriate, dramatic Visual presentations. Consistent in format and content, they are 
not mere filmstrip “collections.” Each filmstrip is a complete lesson prepared by specialists 
backed by vast McGraw-Hill educational research facilities. Yet, every filmstrip is so related to 
the others that it may be used in a flexible order determined by individual class needs without 
destroying vital continuity. 

With either of the recommended “libraries” below . . . or your own selection of comparable 
value — you receive the most widely used combination filmstrip-slide projector in the visual 
education field, the famous Viewlex V-25-P* 


EACH FILMSTRIP LIBRARY QUALIFIES FOR PURCHASE UNDER NDEA. 














McGRAW-HILL GENERAL SCIENCE FILMSTRIP LIBRARY 
SELECTION “A” SELECTION “B” | 
Junior High School Science Library High School Science Library 
(Grades 7-9) (Grades 10-12) 
EARTH AND SKY SERIES—Sets 1 & 2.......... $ 50.00 | CHEMISTRY SERIES—Sets 1, 2, 3, 4, & 5. $172.50 
10 full-length filmstrips designed to give 27 fuil-length filmstrips designed to 
an understanding and appreciation of our teach basic theories, hypotheses, laws 
physical world. and concepts of chemistry. 
ee soe | ae = ge 1, 2 & . 108.50 
20 = ‘full-leng ilmstrips dealing wi 
basic scientific principles and processes. we yo ye 89.00 
INTRODUCTORY PHYSIOLOGY SERIES ............ 49.50 explaining basic study units in physics 
9 full-length filmstrips explaining nature, course, 
function and care of human body. . . 
HUMAN BIOLOCY SERIES—Sets 1 & 2.......... 60.00 Regular List Price. $261.50 
10 full-length filmstrips presenting de- 
tailed study of important aspects of 
biology and health. : ‘ 
Regular List Price $268.00 











: McGraw-Hill Book Company, Inc., 330 West 42nd Street, New York 36, N. Y. : 

‘ Please send the following: r 

: _______ Complete Filmstrip Library (Selection A) @ $268.00. ‘ 

' Complete Filmstrip Library (Selection B) @ $261.50. : 
ne tee a § Order includes 1 free Viewlex V-25-P Projector for each library purchased. 4 
JECTOR — with “optically 1 0 Send catalog of all science filmstrips for custom selection. ; 
doubled” 500 watt light @ Orgamization. .... 2.2.0.0... cece cece eee e eee e eee e ete e eee e nen e ete e eee eee eenees ' 
power, automatic threading, § ' 
Single or double frame 35MM 8 NaMe...........cccccccccccccccccccccccccccccecsccsccsasseeeseeseseesseeeeens ' 
filmstrip, vertical or horizon- § ' 
tel projection, OF 2” % 2” 8 AGGIOSS........ccccccscscccovccscccccccccccceccscocesscoosscececssssoesoesees ' 
slides, Venturi Cooling and « ' 
poy | other exclusive View- # City................ - jjus bien seeadeeseeel State........ ‘ 
lex Features. 6 ncneeneeeceemesceonewoeeeeeeqeeeesesene® 
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Here’s everything you need to demonstrate 


Now you can teach the principles of polarized 
light the most effective way—by demonstration— 
with equipment that meets the requirements of 
C.C.S.S.O. Purchase Guide Nos. 3265, 3270. 

Vivid, colorful demonstration that quickens 
student interest, speeds understanding. The Pio- 
neer Advanced Demonstrator (above) equips 
your class with 10 polarizers, 12 additional demon- 
stration accessories and a text, ‘““The Polarization 
of Light” ... complete equipment and instructions 
for classroom demonstrations and individual ex- 
periments. Ask for Pioneer Advanced Demonstra- 
tor No. 61-2, only $29.50. 
>For use by small groups or individual students, 

Lapp Pioneer offers a basic set consisting 

of 2 polarizers; samples of mica, 
benzoic acid, and calcite; 

plus a step-by-step in- 
struction sheet. Pioneer 

Basic Demon- 

Rei) strator No. 


61-1, $4.95. 


POLARIZATION OF LIGHT by Pro- 

“fessor Hollis N. Todd, Rochester 

Institute of Technology, re- 

views the major theories of 

light with emphasis on polar- 

ization. Included with the Advanced and Table 

Top Demonstrators, it outlines many demonstra- 

tions and experiments that can be performed with 

both the Advanced and Basic Demonstrators, 
Catalog No. 61-10, $1.00. 


PIONEER also offers Table Top Demonstrators, for 
large classes and lecture halls; a self-contained Ver- 
tical Polariscope; plus the widest assortment of 
polarizing materials. Whatever your needs in 
polarizing equipment, look with confidence to 
Pioneer. WRITE for Catalog 61-11. 
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